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Of the many types i anesthesia, spinal 
procedures are the most exacting in their require 


ents. Because of its 
pharmacological precision, NEOcaine has demonstrated its fitness for 
spinal anesthesia over a thirty-year period of clinical use. 


In practice, NEOcaine is (1) always sterile, (2) virtually flash-soluble in 
cerebrospinal fluid, (3) stable to epinephrine, (4) rapidly and completely ab- 
sorbed without irritation and (5) of low toxicity in anesthetic concentrations, 












ADMINISTRATION: Employ 1 mg. of NEOcaine 
per pound of body weight, up to 150 mg. Dis- 
solve crystals with spinal fluid led into the am- 
poule. Inject slowly with optional barbotage, 
using a 22 gauge needle. Contraindicated in 
gastrointestinal perforation, obstruction, peri- 
tonitis, severe hypotension, cerebrospinal or 
dorsal skin disease. Drug idiosyncrasy is rare. 


SUPPLIED: Ampoules of 50, 80, 100, 120, 150, 
200, 300 mg. of pure procaine hydrochloride. 
Boxes of 10. For continuous spinal anesthesia, 
ampoules of 500 mg., individually boxed. 


oe , 


75 Varich Street, New York 13, ¥. ¥. 


ANGLO-FRENCH Laboratories, inc. 


























ANNOUNCEMENT 


CWT oO 


The J. B. Lippincott Company announces with regret the resigna- 
tion of Dr. Walter Estell Lee as Chairman of the Editorial Board 
of the ANNALS OF SURGERY. The editors join with the publishers 
to express their deep appreciation of his keen leadership over the 
past twelve years. His selective experience and sound surgical 
judgment have contributed much to making the ANNALS OF 
SURGERY of increasing value to the practicing surgeon and to 
the growing number of younger men who are rising into the 
specialty. 


The publishers wish also to announce that at a recent meeting of 
the Board, Dr. John H. Gibbon, Jr., of Philadelphia, was elected 
Chairman of the Editorial Board. Dr. Gibbon, who is Professor 
of Surgery and Director of Surgical Research at Jefferson Medi- 
cal College, Surgeon to Jefferson Medical College Hospital and 
the Pennsylvania Hospital, besides being Recorder of the Ameri- 
can Surgical Association, brings to this position a wide back- 
ground and leadership in surgery. 


Coincident with this change it is planned that the ANNALS OF 
SURGERY will broaden its editorial supervision by creating an 
Advisory Board. Senior men, as they may resign or reach retire- 
ment, will be invited to remain in this advisory capacity so that 
the ANNALS OF SURGERY may continue to benefit from their wis- 
dom and wide experience. As new appointments are made by 
the publishers as a result of conferences with the senior men and 
Dr. Gibbon, as Chairman of the Editorial Board, these new men 
will have the advantage of consulting with this senior body for 
advice and opinion. 


PLEASE NOTE 


CWO 


New EpitrortAL ADDRESS 


Original typed manuscripts and illustrations submitted to this Journal 
should be forwarded prepaid, at the author’s risk, to the Chairman of the 
Editorial Board of the ANNALS OF SURGERY. 


John H. Gibbon, Jr., M.D. 
1025 Walnut Street, Philadelphia 7, Pa. 


Contributions in a foreign language when accepted will be translated and 
published in English. 


Exchanges and Books for Review should be sent to Dr. Gibbon at the above 
address. 


Subscriptions, advertising and all business communications should be 
addressed 
ANNALS OF SURGERY 
East Washington Square, Philadelphia, Pa. 
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THE MORTALITY OF SURGICAL DISEASE* 


Epwin P. Leuman, M.D., anp Water F. Becker, M.D. 
CHARLOTTESVILLE, Va. 
FROM THE DEPARTMENT OF SURGERY AND GYNECOLOGY AND THE UNIVERSITY HOSPITAL, 
UNIVERSITY OF VIRGINIA SCHOOL OF MEDICINE, CHARLOTTESVILLE, VIRGINIA 

As ALL SURGEONS KNow, in 1946 the patient requiring the attention of a 
surgeon has a much better chance for recovery than he has ever had before. 
It may seem presumptuous to present evidence before this body that this is 
true or to develop figures measuring to what degree it is true. However, 
there are certain implications arising from the current steady decline in sur- 
gical mortality that are frequently ignored or misinterpreted by medical 
writers, both surgeons and nonsurgeons. The purpose of this paper is to 
present the curve of annual surgical hospital mortality at the University of 
Virginia Hospital over a period of 12 years, and to discuss its significance. 
The results are recorded with a pride of accomplishment in surgery which 
is not exclusively local. As the result of contributions to medical knowledge 
throughout the world, the same progress could be demonstrated in every 
progressive surgical clinic. 

The decrease in surgical mortality to be demonstrated is, of course, the 
result of revolutionary improvements in surgical practice during the last gen- 
eration, improvements that have had a steady acceleration so that the last 
five years have seen the greatest gain of all. The 12 years under scrutiny 





* Read before the 58th Annual Session of the Southern Surgical Association, Hot 
Springs, Va., December 10, 1046. 
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here represent the accretion of advances of many preceding years. These 
developments in surgery have been largely directed toward the more complete 
protection of the surgical patient as a whole from the effects of both disease 
and operation. 

We need not discuss in detail any of the factors which make up the total 
pattern. There are at least six major elements to be mentioned, not neces- 
sarily in the order of their relative importance: (1) An increase in the accu- 
racy of the diagnosis of disease and particularly of the diagnosis of surgical 
complications, such as thrombophlebitis and shock. (2) A stricter attention 
to arid-a more accurate management of water, electrolyte, protein and vitamin 
balances in the surgical patient. (3) A better understanding of the role of 
blood volume and its control. (4) Major developments in the field of anes- 
thesia and in the mechanical control of respiratory complications. (5) The 
introduction of specific chemotherapeutic and antibiotic substances. (6) The 
adoption of certain special therapeutic measures in common surgical diseases, 
such as those developed for the treatment of phlebothrombosis, thrombo- 
plebitis, jaundice, thyrotoxicosis, intestinal obstruction, and others. The first 
five of these affect the chance of recovery of any patient with major surgical 
disease. The sixth has its influence on general surgical mortality by pro- 
tecting the individual patient suffering from a specific condition. 


MATERIAL 


We report the over-all mortality in 20,137 cases cared for by the Depart- 
ment of Surgery and Gynecology of the University of Virginia over a period 
of 12 years (1934 to 1945, inclusive). These cases include all direct admis- 
sions to the surgical service, whether or not operation was performed.* As 
in any surgical service, operative cases represent an overwhelming majority 
of the total number. The operations were performed in more than half of 
the total number of cases by resident surgeons, men in the fifth or sixth year 
of graduate training or, in the less exacting material, by assistant residents 
under the supervision of the resident. In all ward cases the decisions were 
made by a visiting surgeon, and in practically all major operative cases from 
the wards the exposed pathologic changes were observed by a visiting sur- 
geon and the choice of surgical management determined by him in consulta- 
tion with the operator. Under this supervision the resident staff performed 
almost all the major surgical operations on ward patients. Preoperative prep- 
aration, postoperative care and the treatment of nonoperative cases were 
closely followed by visiting surgeons in daily rounds. 

During the period reported no striking changes occurred in the type of 
material admitted to the surgical service with the exception of a marked in- 
crease in major thoracic surgery. During this period also, as will be noted 
later, the threshold of operability was progressively lowered. 





* Transfers to the surgical service are not included. The mortality figures, therefore, 
have relative rather than absolute values. 
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The yearly number of deaths has been calculated as a percentage of each 
year’s cases, constituting the surgical mortality for that year. The mortality 
percentages have been separately calculated also for each six-year period. 

A comparison of the over-all mortality with that of a single illustrative 
condition appeared useful. For this comparison mechanical intestinal ob- 
struction was chosen, in the first place because it has a relatively large mor- 
tality rate in which any change could be more confidently interpreted and in 
the second place because the data were readily available from a general 
study of the subject under preparation by one of the authors. The mechan- 
ical intestinal obstruction material consists of all cases so diagnosed during 
the period, whether or not operation was performed.* In order to obtain 
significantly large figures, the mortalities were calculated on each half of the 
total material rather than yearly. For the first six-year period there were 
147 cases of intestinal obstruction and for the second, 186 cases. 


RESULTS 


The curve of annual percentages of surgical deaths (Chart 1) shows an 
almost continuous drop from the beginning of the period to the close, de- 
scending from a high of 7.1 per cent in 1934 to a low of 2.5 per cent in 1945. 
This represents a decline of almost two-thirds in the absolute values. If one 
compares the first six years with the remaining six years, the average figures 
are 6.3 per cent for the former as compared to 3.4 per cent for the latter 
(Table I), a decline of 46.1 per cent (Chart 2). 

During the first six years the mortality from intestinal obstruction was 27.2 
per cent, and during the last six years, 15.0 per cent (Table I). This rep- 
resents a decline in mortality of 44.9 per cent (Chart 2), which is almost 
exactly the corresponding decline in mortality for all cases admitted to the 
surgical service. 

Discussion.—The literature abounds with reports of steadily improving 
mortality rates in specific surgical diseases, both with and without operation. 
We have been able to find no report presenting even a rough over-all picture 
such as we have presented except for data scattered in relatively inaccessible 
annual reports of hospitals. Without the more detailed analysis to which the 
figures might be susceptible, there can be derived from them at least four 
implications that should be a part of current surgical thought. 

An obvious result of declining surgical mortality has been the expanding 
surgical horizon, particularly the invasion of new fields and the lowering of 
the threshold of operability. It is now justifiable to undertake surgical 
operations of an extent that a generation ago no surgeon would have even 
considered. It must be noted again that the period studied coincides with a 
period of great increase both in number and extent of intrathoracic proce- 





* A few cases of relatively rare occurrence presenting special problems were excluded 
from the data reported. These were instances of congenital atresia, Hirschsprung’s disease, 
fecal impaction, benign rectal stricture and malfunctioning colostomy. 
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dures. It also coincides with a general surgical trend towards a more radical 
approach to cancer and particularly to intra-abdominal cancer. One need only 
cite the extensive resections for cancer reported by Brunschwig,’ Lahey,? and 
others, as well as expansion in limits of operability, such as that presented by 
David and Gilchrist? for cancer of the rectum. These are only examples to 
illustrate the point. A similar trend has been obvious in the surgical approach 
to cancer at the University of Virginia Hospital. We are not immediately 
concerned with the justification for multiple visceral resection for abdominal 
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YEARS 
OVER -ALL SURGICAL MORTALITY 
Cuart 1.—Annual hospital mortality, Department of Surgery and Gynecology, Uni- 


versity of Virginia Hospital, 1934 through 1945, including all cases (20,137) treated with 
and without operation. 


cancer, but solely with its relationship to total hospital mortality. In spite of 
the fact that these developments in surgery have been taking place, develop- 
ments theoretically to be expected to increase mortality, that phenomenon has 
not occurred. The decline in surgical mortality would unquestionably have 
been even more dramatic if these bold ventures had not been undertaken. 

In the measurement of improvements in the surgical mortality of specific 
diseases and particularly of specific diseases studied in relation to new thera- 
peutic devices, the curve of total surgical mortality has a continuing signifi- 
cance. Brooks* compared the mortality of surgical operation in the aged 
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with the life-expectancy of the general population in the same age-group. 
Balfour® presented before this society the late results of surgery in cancer of 
the stomach against the background of.a similar life-expectancy curve. . Other 
studies of a like nature have been made, all of which illuminate the signifi- 
cance of surgical results. Many reported instances of improvement in sur- 
gical mortality have been ascribed to the adoption of individual therapeutic 
procedures without measured consideration of the results to be expected with- 
out such procedures. An hypothetic example may be given. In our own 
treatment of intestinal obstruction a drop of almost 50 per cent occurred in 
the mortality when two six-year periods were compared. During the later 
period, following the report of Fine, Hurwitz and Mark,® plasma adminis- 


TABLE I 


ACTUAL MORTALITY OF ALL CASES AND OF CASES OF INTESTINAL 

OBSTRUCTION IN THE YEARS 1934-1939, INCLUSIVE, AS COMPARED 

TO THE YEARS 1940-1945, INCLUSIVE. THESE FIGURES REPRESENT 
BOTH OPERATIVE AND NONOPERATIVE CASES. 





All Cases Intestinal Obstruction 

Years Number Mortality Number Mortality 
1934-1939..:.... 8,251 6.3% 147 27.2% 
1940-1945....... 11,886 3.4% 186 15.0% 


tration was introduced as an adjuvant to other therapy in small bowel ob- 
struction. It would be easy to ascribe to this measure a major influence in the 
improvement in results were it not that the mortality of other surgical dis- 
ease dropped correspondingly. In the light of that comparison any effect of 
plasma administration cannot be descried. In other words, statistical appraisal 
of surgical procedures should not be attempted without either employing the 
alternate case method in a large series, or with a full knowledge of the total 
decline in surgical mortality in the individual institution during the period 
studied. 

Harvey Cushing, at the time he took over the professorship at Harvard 
and the surgical direction of the Peter Bent Brigham Hospital, wrote in a 
letter to his colleague, Dr. Christian, as follows’: “I would like to see the day 
when somebody would be appointed surgeon somewhere who had no hands, 
for the operative part is the least part of the work.” This rhetorical exaggera- 
tion from a man whose hands were swift instruments of extraordinary accu- 
racy and delicacy expresses a truth of which a hint is seen in the present 
data. The material presented, as already stated, consists in more than half 
the cases of operations of all magnitudes carried out by relatively inexperi- 
enced technicians, the residents, under the supervision of experienced sur- 
geons. Since the decline in surgical mortality here reported has occurred in 
spite of the participation of a large number of inexperienced technicians, it 
can be considered due less to increasing technical skill than to the develop- 
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ment of measures for the protection of the surgical patient applied under the 
advice and direction of experienced surgeons. A progressive drop in mor- 
tality in a series of cases operated upon by an individual surgeon can be 
ascribed in part to increasing technical skill, but his increasing knowledge of 
disease and his adoption of improvements in general surgical care may play 
the major role. We would not deny that technical dexterity has a place in 
surgical results, but we would pre- 
mot sent for consideration, as have 
Cushing, and others,® the idea that 
it may be less important than other 
factors. 
Finally, the urgency of repeat- 
edly presenting surgical results to 
the profession at large must be con- 





z sidered. The success of surgery as 
a whole and the opportunities for 
surgery to accomplish the most good 

a i for the greatest number of sick peo- 


ple depends in considerable part 
upon its reputation among family 
doctors and consultants in internal 








, ; medicine. Many of these practi- 
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INTESTINAL OBSTRUCTION — — — . . . 

taught during their surgical courses 

PERCENTAGE DECLINE IN MORTALITY . li ] : } 1 Ts - | 
SIXeYEAR PERIODS in medical school. 1ey do not 


, have ready access to surgical jour- 
Cuart 2.—Comparative percentage de- * ere grea’ J 


cline in mortality rate of all cases and of nals in which recent statistical data 
cases otf intestinal obstruction in two six- are usually published. It is the task 
year periods, 1934-1939 and 1940-1945, x / ; 2 
respectively. of these men to give the primary 


advice leading to surgical consulta- 

tion. Theirs is the first choice; and 
it is quite natural that they will base that choice on their knowledge, no mat- 
ter where or when derived, of surgical risk. Many conscientious practitioners, 
of course, familiarize themselves with modern surgical risk and give advice 
based on sound information, but many do not. There appears, therefore, to be 
some need for surgery to broadcast its accomplishments beyond its own sphere, 
not with boastful intent but for the purpose of bringing surgical relief to more 
people. If it were possible to present periodically between the covers of a single 
publication the surgical mortalities attained by a group of representative hos- 
pitals, the internist and the family doctor would have a ready source of 
reference for this information. Such a compilation would also furnish all 
surgeons, including those working under less favorable circumstances, a 
yardstick for their own accomplishments. We suggest that one of the sur- 
gical societies study methods of accomplishing this needed end. 
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University of Virginia Hospital 
Charlottesville, Va. 


Discusst1on.—Dr. JoHn C. Burcu, Nashville, Tenn.: This is a timely subject. Doctor 
Lehman’s data clearly reflect the great progress made in reducing surgical mortality. 
In my opinion this decrease is general in the better clinics. Many of us are slow to 
accept change; for them, this paper will prove a needed stimulus. For our medical 
colleagues who harbor exaggerated ideas concerning the risks of surgey, it should prove 
enlightening. They may even refer a few more patients in an earlier stage of their 
disease. For the medical educator, the inference is plain. Many of the things taught ten 
years ago are not the things emphasized today. Much new progress must be assimilated 
by the profession. It is clear that surgery is a field of continuing study. Unless this 
primary fact is emphasized as the foundation of all surgical training, our young surgeon 
will find himself in the ranks of those unwilling to accept change. From an experience 
with many recent graduates it is my opinion that much remains to be accomplished along 
these lines. 

Doctor Lehman did not stress the equally great strides which have been made in 
decreasing morbidity and shortening convalescence. Great improvement in the handling 
of surgical cases has resulted from a better understanding of the physiology of bed rest. 
The results of early rising are truly phenomenal. In recently reviewing a series of about 
1,400 hysterectomies performed over a period of years, a striking reduction in the number 
of cases of thrombophlebitis was noted. It is, of course, difficult to attribute this to any 
cne catise, but early mobilization of the surgical patient has undoubtedly played a most 
important role. 
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PRIMARY PULMONARY MALIGNANCY 
TREATED BY RESECTION* 


AN ANALYSIS OF 129 CASES 


Auton Ocusner, M.D., Micuaret E. DeBaxey, M.D., 
AND 
Lronarp Drxon, M.D. 
New Orteans, La. 
FROM THE DEPARTMENT OF SURGERY, SCHOOL OF MEDICINE, TULANE UNIVERSITY OF LOUISIANA, 
AND THE DIVISION OF SURGERY, OCHSNER CLINIC, NEW ORLEANS, LA. 

DURING THE ALMOST II-YEAR PERIOD beginning January I, 1936, and 
ending December 1, 1946, there were observed in our private practice and on 
our service in Charity Hospital of Louisiana, at New Orleans, 360 patients 
with pulmonary malignancy, 129 of whom were submitted to pulmonary 
resection. —Two hundred and sixty-one cases, in 113 of which resection was 
performed, occurred in private practice and 99, in 16 of which resection was 
done, at Charity Hospital. It is the purpose of this report to present an 
analysis of the 129 resected cases, including the follow-up observations made 
on all patients who survived surgery. 


INCIDENCE 


Recent literature on carcinoma of the lung has emphasized the appar- 
ently increasing incidence, and in previous publications we have considered 
this phase of the subject.1* 1% 79 On the basis of both reports in the literature 
and our own experience the statement is justified that carcinoma of the lung 
has become one of the most frequently encountered malignant neoplasms, and 
that the lung is now preceded only by the stomach as a primary site of cancer. 

Comparative statistics from Charity Hospital of Louisiana, at New 
Orleans, bear out these conclusions. During the ten-year period ending Jan- 
uary I, 1946 (Chart 1) the yearly incidence of carcinoma of the stomach, 
while it showed transient increases and decreases, was substantially unchanged, 
whereas the incidence of carcinoma of the lung showed a general slight 
increase. The rate for Negroes was practically level during this period, 
although carcinoma of the stomach was considerably more frequent in this 
race, while the incidence of pulmonary malignancy among white patients 
showed a definite general increase. The data suggest that the racial distribu- 
tion of the disease may be significant. During the period in question the ratio 
of colored to white admissions was about equal, but the incidence of carcinoma 
of the lung was approximately 2 to 1 in favor of the white race (Chart 2). 

Only seven (5.4 per cent) of the 129 resections were done in Negro 
patients, but the small number is not significant. The white preponderance is 





* Read before the 58th Annual Session of the Southern Surgical Association, Hot 
Springs, Va., December 10, 1946. 
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Incidence of Carcinoma of lung and Stomach 
Based upon Admissions at Charity Hospital 
Jdan.l, 1936 to Jan.l, 1946 
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Cuart 1.—Comparative incidence of carcinoma of the lung and stomach in the white 
and colored races based upon admissions at the Charity Hospital in New Orleans during 
the ten-year period, 1936-1945, inclusive. 


Race Incidence of Carcinoma of Lunp and Stomach. 
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_ Cart 2.—Graphic representation of incidence of carcinoma of the lung and stomach 
in the white and colored races compared with total admissions of the two races in the 
Charity Hospital, New Orleans, Louisiana, during the ten-year period, 1936 to 1945, 
inclusive. ‘er? 
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readily explained by the large proportion of cases treated at hospitals which 
serve only white patients. 

Sex.—All experience indicates that carcinoma of the lung is predomi- 
nantly a disease of males, though no satisfactory explanation for the sex dis- 
crepancy has been advanced. In the 360 clinical cases observed by us there 


Pulmonary Malipnancy treated by Resection WETC 311 males (86.3 per cent) and 
a ee 40 females. Among the 129 resected 





. 945% ACE 
- SEX 4 cases there were 106 males (82.1 per 
. | cent) and 23 females (Chart 3). 
Or ZF . . . : 
I These figures are in line with the pro- 
so} Ky Number portions found in 8,575 collected 
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cases of carcinoma of the lung, in 
which 6,769 patients (78.9 per cent) 
were males and 1,806 females.’ If 
so-called mixed tumors (adenomas) 
are considered, the sex ratio is dis- 
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Cuart 3.—Graphic representation of 
the sex and race incidence in the authors’ 
series of 129 cases of pulmonary malig- 


tinctly different, there being a small 
female preponderance in this type 
of growth. 
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Cuart 4.—Graphic representation of age-incidence by decades in the authors’ series of 
360 clinical and 129 resected cases of pulmonary malignancy. 


Age.—lIt is the general experience that while carcinoma of the lung may 
occur at almost any period of life, it is most frequent in the 5th, 6th, and 
7th decades. In our total series, as well as in our resected cases, almost go per 
cent of the patients were in this age-group (Chart 4). 


524 











Volume 125 PULMONARY MALIGNANCY 


Number 5 
ETIOLOGY 


The numerous explanations advanced to account for the apparent increase 
in incidence in carcinoma of the lung have been reviewed in previous publica- 
tions and will not be discussed here.!®» 1% 1® In the 129 resected cases no 
factor was found which might bear a significant relationship to the occurrence 
of the disease. Neither occupation nor smoking habits, which some reports, 
including our own, have stressed as of possible etiologic significance, seemed 
of any special significance in this particular series (Charts 5 and 6). 
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129 cases 75 Fo 
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type of occupation in the authors’ series of | incidence of smokers and nonsmokers in the 
129 cases of pulmonary malignancy treated authors’ series of 129 cases of pulmonary 
by resection. malignancy treated by resection. 


PATHOLOGY 


The pathologic picture in our series of cases of carcinoma of the lung will 
form the subject of another report, and will not be discussed at this time. It is 
important to note, however, that the 129 resected cases included 124 cases of 
bronchiogenic carcinoma, two cases of fibrosarcoma, and one case each of 
melanosarcoma, neurogenic sarcoma, and lymphoblastoma. In 76 cases the 
involvement was on the right side, and in 53 on the left (Chart 7), which is 
in correspondence with most of the reports in the literature. The greater 
frequency of occurrence on the right side possibly can be explained on the 
basis of the larger size of the right lung. The incidence of involvement in the 
upper lobe on each side and in the right lower lobe was practically the same 


(Chart 7). 


CLINICAL PICTURE AND DIAGNOSTIC CONSIDERATIONS 


The clinical picture of carcinoma of the lung is not sharply characteristic, 
and this fact, plus the usually insidious onset, undoubtedly explains the fre- 
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quent delay in diagnosis. An analysis of the 129 resected cases, which form 
the basis of this study, bears out other reports, and indicates that the most 
common symptoms are cough, loss of weight, discomfort or pain in the chest, 
and hemoptysis, in about that order of frequency (Chart 8). The next most 
frequent clinical manifestations, in addition to a history of previous respiratory 
infection, are dyspnea, wheezing, and changes in the voice (Chart 8). 

This series also makes clear how important it is to remember that in many 
cases, and particularly in the earlier cases, not more than one or two com- 
plaints may be present. The paucity of symptoms accounts for the difficulty 
frequently encountered in framing a characteristic clinical picture in the early 
stages of the disease and makes it doubly important to bear constantly in mind 
the possibility of pulmonary malignancy in any patient over 40 years of age, 
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Cuart 7.—Diagrammatic representation Cuart 8.—Graphic representation of 


of incidence of sites of involvement in the 
authors’ series of 129 cases of pulmonary 
malignancy treated by resection. 


the incidence of recorded symptoms in the 
authors’ series of 129 cases of pulmonary 
malignancy treated by resection. 


particularly any male patient, with symptoms referable to the respiratory 
system. The recollection of the possibility is the key to improvement in the 
diagnosis of early cases. 

The physical findings in carcinoma of the lung vary considerably and 
depend upon the site, size, and direction of growth of the tumor. Significant 
findings are more likely to be encountered if the tumor encroaches upon the 
lumen of the larger bronchi or upon the pleura. Generally speaking, the 
physical findings, like the symptoms, are not characteristic, and in early 
cases the examination is likely to be negative. 

Roentgenology.—Of all diagnostic methods in carcinoma of the lung the 
most important is roentgenologic examination. It resulted in a positive diag- 
nosis in 105 of our 129 resected cases, 81 per cent (Chart 9), which is in 
accordance with the 60 to 80 per cent of successful diagnoses reported by this 
method in the literature. The most frequent error, the diagnosis of lung 
abscess, was actually not usually an error, since in almost every case thus 
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diagnosed an abscess was actually present in association with the pulmonary 
malignancy. ; 

Bronchography (with lipiodol) is a very useful diagnostic procedure in 
certain types of cases, particularly those in which the tumor is not of sufficient 
size or density to cast a shadow on plain roentgenologic examination and in 
which the lesion is one of the small bronchi and, therefore, cannot be visualized 
by bronchoscopy. 

It cannot be too strongly empha- x-RAY DIAGNOSIS 
sized that carcinoma of the lung will Gronchegpnia 
continue to be overlooked until all Lung Abscess 
physicians develop the habit of rou- Derm o 

. ° ° neuropenic tumor 
tine roentgenologic examination of all jretectasis 
patients with any symptoms referable _ Bronchiectasis 
to the chest unless they are clearly uberculsis 2-~is% Malignancy 
due to some other cause. The practice ¥> \-77% Treated by Resection 
should be routine even when physical Pree™™* }!--77% 129 cases 
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findings are negative. In four cases in 
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. ' ‘ Chronic pulmonary l- 77% 
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was part of the diagnostic routine. Cuart 9.—Graphic representation of 
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; : results of 112 bronchoscopic examinations 
proportion of correct diagnoses vary- performed in the authors’ series of 129 


ing with the location of the tumor. ses of pulmonary malignancy. 
Fortunately, the majority of malig- 

nant tumors of the lung are in bronchial segments which can readily be visual- 
ized. Lesions in the upper lobe and in the peripheral portion of the lung are 
much less likely to be diagnosed by bronchoscopy, and sometimes cannot be 
diagnosed at all by this method. 

Bronchoscopy was performed in 112 (87 per cent) of our 129 resected 
cases (Chart 10), in 68 of which (61 per cent) a biopsy specimen could be 
obtained. The specimen was positive in 55 (81 per cent) of the 68 cases. 
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Bronchoscopy was deliberately omitted in 17 of the 129 cases because roent- 
genoscopic examination revealed the growth to be so peripherally located that 
visualization by this means was obviously impossible. 

Other Diagnostic Methods.—The microscopic examination of expectorated 
material or of material aspirated at bronchoscopy to determine the presence 
or absence of tumor cells is a diagnostic method of increasing importance which 
should be employed much more frequently than it is. It requires considerable 
experience, but in the hands of experienced observers it is of great value, par- 
ticularly in cases in which bronchoscopic visualization of the tumor is not 
possible. 


TABLE I 


INCIDENCE OF OPERABILITY AND RESECTABILITY IN PRIMARY PULMONARY MALIGNANCY 





Number Cases Explored Cases Resected 
of Cases a 
Authors Observed No. Per Cent No. Per Cent 
NI os Da Ghee nee eneee 1938 172 28 16.3 13 7.6 
CONN 5 bs.abeedecad meee’ 1940 156 52 33.3 27 17.3 
Ms 5 Sac ccna pera aaaee a 1941 102 34 33.3 12 1.7 
NS ihe Tha wrs\éin dis 0. 4\w orca athe 1943 31 6 19.3 0 0 
Rs as ae cease bine ween wd 1943 165 80 48.5 41 24.8 
ais. a bane eh sarin se 1943-44 330 45 13.6 22 6.6 
Clagett and Brindley........ 1944 493 90 18.2 45 9.1 
ME cid canwsk<écmascan 1944 son 181 pein 39 Tere 
I in a ahs Sarek.s ee eae Ste 1946 157 94 59.8 49 31.2 
Cames, Cesanelli, and Tricerri . 1946 107 21 19.6 12 11.2 
SIRS gia xls acute sie skied ne 1946 221 112 50.7 39 17.6 
ee er 1946 100 32 32 12 12 
ee are ee rer 2,034 594* 29.2 272 13.4 
NS. aN decease nk eases 360 210 58.3 129 35.8 


* Actually this figure is probably somewhat higher, since it does not include a small 
proportion of cases in which operation was refused. 


Aspiration biopsy is mentioned only to be condemned. The danger of 
implanting metastases in the pleura and chest wall is not merely theoretical. 
The implantation occurred in two of our own cases and has been reported by 
others.* 1% 18 In our opinion the method is justifiable only in cases of sus- 
pected pulmonary malignancy which are obviously inoperable and in which an 
accurate diagnosis is of great importance. 

If other methods fail, and if the diagnosis of carcinoma of the lung cannot 
positively be excluded, exploration of the chest should be regarded as part of 
the diagnostic procedure. When properly performed it is attended with a 
minimum mortality, and it frequently reveals an early, and, therefore, operable, 
growth. In our series of 210 cases in which exploration was done a positive 
diagnosis was established prior to operation in 146 (69.5 per cent). 


OPERABILITY 


The only satisfactory treatment of carcinoma of the lung is surgical extir- 
pation of the involved area, preferably by pneumonectomy. Upon that point 
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there is general agreement. Unfortunately, there is also general agreement 
that the incidence of operability is discouragingly low. Thus, it may be 
observed from Table I that in 2,034 cases of primary pulmonary malignancy 
collected from the literature, operation appeared feasible and exploration was 
done in 594 (29.2 per cent), but that resection actually was possible in only 
272, or 13.4 per cent. While there are understandably considerable variations 
in the incidences of operability and resectability among these reported series, 
there is an encouraging trend toward higher incidences among the more recent 
reports. Our own experience (Charts 11 and 12) is in accord with these latter 
reports. 

In the 360 cases of pulmonary malignancy diagnosed clinically, 109, or 30 
per cent, were clearly inoperable. Of the 251 cases regarded as operable, 
surgery was refused by the patients in 
41, or 10 per cent. Of the 210 cases INCIDENCE of OPERABILITY 





explored, 81 proved inoperable, or 38.5 560cases pulmonary malignancy 
per cent, leaving 129 cases, or 35.8 per Cqguosed cetaalty 
cent, of the whole group, in which resec- Exploratory mane 

tion could be done. What this amounts 

to is that of every three cases of clinical O Member ct 
pulmonary malignancy only one even- Pete 

tually proves resectable. When it is 

recollected how many patients die after ~ 











resection or, if they survive, die after you aie seenene 

Cuart 11.—Graphic representation 
of the incidence of operability in the 
ures are even worse than they seem. authors’ series of 360 cases of pulmon- 
: ary malignancy. 


discharge from the hospital, these fig- 


Technical details have been dis- 
cussed at length in previous communica- 
tions,’* ‘#76 18 and no attempt will be made to review them here. Pneumonec- 
tomy, as already mentioned, we consider the procedure of choice. It was per- 
formed in 127 of the 129 cases. Simple lobectomy was done in the other two 
cases, in one because at the time of operation the condition was thought to be 
inflammatory and in the other as a palliative procedure, to relieve the patient 
of severe and discomforting manifestations of an accompanying lung abscess. 

Although both the anterior and the posterolateral approaches were em- 
ployed, the anterior approach is preferred when it is not contraindicated. The 
posterolateral approach is chiefly used in cases in which it is believed that 
dense adhesions may be encountered, posteriorly and laterally. 

In an effort to increase the limits of operability in the cases explored, cer- 
tain supplementary procedures were carried out in some patients in whom the 
tumor had extended beyond the confines of the lung. For this reason ligation 
of the large hilar vessels was done within the pericardial cavity in 18 cases, 
resection and suture of a portion of the auricle in eight cases, resection of 
part of the diaphragm in seven cases, and resection of a portion of the chest 
wall in six cases (Chart 13). 
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POSTOPERATIVE MORBIDITY AND MORTALITY 


Postoperative infection, in the form of empyema, occurred in 15 of the 129 
cases, or 11.6 per cent. In five instances, or 3.8 per cent, the infection was the 
result of a blown bronchus (Chart 14). Only one of the five patients in this 
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CHART 12.—Schematic representation of the results in 
the authors’ series of 360 clinical cases of pulmonary 
malignancy. 
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CuHArtT 13.—Graphic representation of supplementary 
procedures performed in the authors’ series of 129 cases 
of pulmonary malignancy treated by resection. 


group survived. Our experience with chemotherapy, whether in the form of 
sulfonamide drugs or penicillin, has not been very encouraging, and it is our 
general impression that the introduction of these agents has not materially 
influenced the incidence of the morbidity of this complication. 
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Of the 129 patients in whom resection was done, 32, or 24.8 per cent, 
died in hospital (Chart 15). Cardiovascular complications (Chart 16) were 
responsible for 15 deaths, almost half of the total number, and respiratory 
infections, especially pneumonia, for the next largest number. In the remain- 
ing eight deaths the cause of the fatality was hemorrhage in four, and these 
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Cuart 16.—Graphic representation of cause of hospital deaths in 
authors’ series of 32 cases of pulmonary malignancy. 


fatalities, as well as those due to anesthetic causes and to pneumothorax, may 
be classified as due to technical errors and, therefore, preventable. The rela- 
tively high incidence of cardiovascular complications, however, is for the 
most part not preventable. They represent a risk which must be assumed in 
pneumonectomy for carcinoma of the lung unless the criteria of operability are 
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so strictly limited that patients in whom they are likely to occur are excluded 
from surgery and are, thus, denied their only chance of salvage. 

The largest number of hospital deaths, 12, or 37.5 per cent, occurred within 
24 hours of operation (Chart 17). Seven others occurred before the 5th day, 
or 22 per cent, seven before the roth day, or 22 per cent, four before the 15th 
day, or 12.5 per cent, and one each on the 18th and 43rd day, respectively. 
The major portion of the immediate post- 


Pulmonary Malipnancy treated by Resection > ‘ ee 
eecases Onerative mortality, thus, occurred within 

” s : . 
375% DAYS IN HOSPITAL the first ten days, and approximately half 


(32 Hospital deaths) 


of the deaths in this group occurred 
within the first 24 hours after operation, 
usually from cardiovascular causes 
(Chart 17). 

When the resected cases are divided 





into those which were operated upon be- 
; ; fore January 1, 1942, and those which 

CuHart 17.—Graphic representation E 4 Sage 
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pulmonary malignancy treated by re- a S if ma 
oer i the former group is 44.5 per cent and in 


the latter group 19.6 per cent (Chart 15). 
Pulmonary Malipnancy Treated by Resection It is fair to assume that the reduction is 
29cases attributable to improvement in technic, as 
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ments mentioned (Chart 18). 
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P z FOLLOW-UP OBSERVATIONS 
Cuart 18.—Graphic representation 


of period of hospitalization (exclusive Every patient in this series who was 
of hospital deaths) in the authors Bs , ‘ 
series of pulmonary malignancy Submitted to operation six months, or 
treated by resection, according to more, ago and who left the hospital 
whether operation was performed be- : 
fore or after 1942. alive has been followed up to date, the 
examination in the great majority of 
cases being made personally by one 
of us. At this time, our report concerns only the absolute survival rates, with- 
out reference to the presence or absence of recurrence at the last examination 
or to any other factor which might conceivably influence the patient’s chances 
for survival. 

It seems scarcely necessary to point out that because the 107 patients 
involved in these calculations were operated upon at varying periods of time 
over the past ten years, the number of cases in each time-category is different, 
and that the numbers become smaller as the possible survival-time increases. 
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Patients operated upon only a year ago, for instance, obviously have had no 
opportunity to survive longer than a year. Incidentally, it would be very 
desirable if surgeons who have series of lobectomies to report should calculate 
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CHart 19.—Graphic representation of survival rate after resection 
in authors’ series of pulmonary malignancy. 
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Cuart 20.—Graphic representation of survival rate after re- 
section, exclusive of hospital deaths in authors’ series of pulmonary 
malignancy. 


the survival-times on the basis of the studies reported herewith, so that the 
relative merits of the two procedures might be evaluated on the most essential 
of all criteria, how long the patient lives. 
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Gross Survival Rate-——Of the 107 patients operated upon six months, or 


more, ago (Chart 19), only a little over half (58) survived the first six-month 
period after operation. The 49 deaths within this period, however, include 27 
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CuHart 21.—Graphic representation of survival rate after resection 
according to extension and localization of lesion in authors’ series of pul- 
monary malignancy. 
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CHART 22.—Graphic representation of survival rate after resection ex- 
clusive of hospital deaths according to localization and extension of lesion 
in authors’ series of pulmonary malignancy. 


deaths which occurred in the hospital immediately after operation. Approxi- 
mately three-fifths of the patients, again including those who died in the hos- 
pital, died within the first year. After that time, however, the rate of death 
increases very much less rapidly, and by the end of five years approximately 
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a fifth of all the patients submitted to resection were still alive. To express 
it differently, the distribution curve for the survival rate drops rather rapidly 
within the first year after operation, but by the third year has been stabilized 
and continues almost as a plateau until the fifth year. The assumption seems 
reasonable that a patient who lives through the third year after operation has 
a good chance of being alive at the end of five years. At the present time three 
patients are alive in the fifth year after operation and one each in the sixth and 
the tenth year after operation. 

When the survival rate is calculated on the basis of the patients who left 
the hospital alive after surgery, those who died in hospital being excluded 
(Chart 20), the distribution curve is similar to the curve just described but is 
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CuHart 23.—Graphic representation of survival rate after resection according 
to date of operation in authors’ series of pulmonary malignancy. 


considerably more encouraging, the survival rate at the end of five years 
reaching 40 per cent, against 22 per cent when all patients are included. 
Survival Rate According to Status of Growth—Of all the factors which 
might affect the survival rate in carcinoma of the lung the most obvious is the 
status of the growth, as determined at operation and by pathologic study of the 
resected specimen. The 107 cases in which operation was performed six 
months, or more, ago were, therefore, analyzed from the standpoint of 
whether the growth was limited to the lung or had extended beyond it by 
encroachment upon contiguous structures or by regional metastases (Chart 
21). As might have been expected, the survival rate was significantly greater 
among the patients whose growths were localized, no patient with extension 
at operation surviving beyond the three-year period, whereas the survival rate 
among patients with localized growths was 42.8 per cent at the end of five 
years. The curve is substantially the same when it is calculated on the basis 
of only the patients who left the hospital alive (Chart 22), the survival rate 
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among these patients with localized growths being 50 per cent at the end of 
five years. 

Survival Rate in Relation to Date of Operation —As already noted (Chart 
15), the hospital mortality of pulmonary resection for carcinoma of the lung 
showed a distinct improvement after 1942, as compared with the mortality 
prior to that period, the improvement being attributed to improvements in 
technic and in preoperative and postoperative care. In an effort to determine 
whether the survival rate reflected the same improvement when analyzed 
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CuHaArt 24.—Graphic representation of survival rate after resection 
exclusive of hospital deaths, according to date of operation in authors’ series 
of pulmonary malignancy. 


according to the time at which operation was performed, the localized and 
nonlocalized cases were considered from this standpoint. When the group is 
analyzed as a whole (Chart 23), no significant differences are noted in the 
rates of survival before and after 1942. Even when the deaths in hospital are 
excluded (Chart 24), no great differences are observed. When the material is 
divided into locaiized (Chart 25) and nonlocalized (Chart 26) cases, the 
differences already commented upon in survival rates are once more apparent. 
In addition, there is small improvement in the survival rates for patients with 
nonlocalized growths after 1942, which perhaps reflects the better care, tech- 
nically and otherwise, all patients received after that date. 

No matter how the calculations are made, it is evident that the patient 
with a localized growth has, as, of course, might be expected, a much better 
chance of surviving for a considerable period of time after operation than has 
the patient with a nonlocalized growth. His chances are naturally influenced 
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by the type of care he receives, but the important consideration is that he is 
seen early, so that complete removal of the lesion is possible and can be 
achieved without undue risk at operation. 

Actual and Possible Survival Rates.—The analysis of this series of 129 
cases of carcinoma of the lung in which resection was done is discouraging 
from the standpoint of absolute figures. Five years after operation 21 of the 
27 patients operated upon, who could have survived this period of time, had 
died. The figures are less discouraging, however, when it is recalled that with- 
out operation all of them would inevitably have died, and that all of them 
would have been denied the longer or shorter period of postoperative health 


Pulmonary Malignancy with Localization 


COMPARISON OF SURVIVAL RATES” 


AFTER, RESECTION 
Betore and After 1942 Ys. Betore \942 
WEB After 1942 


Number alive 
Nurrber resected 






742% 


7or 


60} FY YYy 571% 








6months iyear 2ue¢ars Syears 4 yeers 


Cuart 25.—Graphic representation of survival rate after resection ac- 
cording to date of operation in authors’ series of pulmonary malignancy with 
localized lesion. 


which many of those who eventually died did enjoy. Furthermore, the 
analysis of this series of cases clearly indicates what can be achieved in 
favorable cases, that is, the patients who are seen early enough to permit 
resection of the growth. At the present time (Chart 27), of every 25 clinical 
cases of carcinoma of the lung only nine are resectable, and of those nine, only 
two patients survive five years, or more. If every patient could be seen early 
enough to permit resection—a difficult but not necessarily an impossible goal— 
between five and six would survive five years, or more. There is no good 
reason why we should not at least set our sights to achieve such a result. 


SUMMARY AND CONCLUSIONS 
During the almost I1-year period ending December 1, 1946, 360 patients 
with carcinoma of the lung were observed, of whom 129 were submitted to 
pulmonary resection. The 129 resected cases are analyzed from the various 
standpoints, with special emphasis on diagnostic considerations and on sur- 
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Cuart 26.—Graphic representation of survival rate after re- 


section according to date of operation in authors’ series of pulmon- 
ary malignancy with extension of lesion. 
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CHART 27.—Schematic representation of actual sur- 
vival expectancy in pulmonary malignancy based upon 
present experience (in black) and of possible survival 
expectancy if all cases were diagnosed early enough to 
permit resection. 
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vival rates. In most respects the data in this series bears out the data reported 
by other observers. 

' The key to early diagnosis is the recollection of the possibility of the 
disease in all patients with symptoms referable to the chest, particularly 
those over 40 years of age. Routine roentgenologic examination is the most 
valuable of all diagnostic methods. It should be supplemented as indicated by 
bronchography, bronchoscopy and biopsy, aspiration of expectorated material 
or of material aspirated at bronchoscopy, and, if the diagnosis cannot other- 
wise be arrived at, by exploratory thoracotomy. 

The incidence of operability in carcinoma of the lung remains discourag- 
ingly low. The surgical mortality has shown progressive improvement and 
is not high if it is remembered that the mortality of the disease in the absence 
of operation is 100 per cent. 

The immediate surgical mortality is caused by a certain proportion of 
preventable errors, but the incidence of cardiovascular complications, which 
are not usually preventable, is high, and the risk must be assumed if patients 
likely to develop them are not denied their chance of salvage. 

An analysis of all patients in the series operated upon six months, or more, 
ago indicates that a patient who lives through the third year after operation 
has a good chance of being alive at the end of five years. The survival rate is 
significantly greater in patients whose growth was localized, no patient with 
extension at operation having survived beyond the three-year period. Every 
calculation, regardless of the standpoint from which it is made, indicates that 
while the patient’s chances of survival are influenced by the type of care he 
receives, the important consideration is that he is seen early, so that complete 
removal of his lesion is possible and can be achieved without undue risk 


at operation. 
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THE PRESENT STATUS OF THE SURGICAL TREATMENT OF 
CARCINOMA OF THE LUNG* 


WitwtiamM Francis Rienuorr, Jr., M.D. 


Battimore, MaryLAND 


THIRTEEN YEARS have now elapsed since the first total pneumonectomy was 
performed in the Johns Hopkins Hospital. Previous to that time a diagnosis 
of pulmonary malignancy was made infrequently and more for academic than 
practical reasons. Prior to this time no therapeutic measures or methods were 
available which offered the patient more than palliation. Medicinal and radia- 
tion therapy were then, as now, equally ineffective and the disease when so 
treated was, and is, always fatal. 

The surgical treatment of malignant tumors of the lung has been a boon 
to patients and a lively stimulus to clinicians interested in pulmonary lesions. 
Because of this increased interest on the part of physicians the diagnosis of 
tumors of the lung is made much more frequently than in the past, with the 
result that a greater number of such patients are being referred for operation. 
In a Medical Center in which a special interest in this type of surgery has been 
manifested, what seems a disproportionate increase in the frequency of these 
cases is apt to occur, but it may probably be true that the incidence of primary 
pulmonary cancer is on the increase. 

It is the purpose of this report to record the clinical analysis, preoperative 
preparation, operative procedure, immediate and remote postoperative results 
in a series of 327 consecutive cases of carcinoma of the lung which have been 
referred for surgical treatment, not accounting for those instances in which 
the patient was obviously inoperable from the standpoint of the clinical 
findings. 


CLINICAL ANALYSIS 


Etiology.—Although the etiologic factors involved in the production of 
cancer are unknown, there is enough data accumulated to draw some conclu- 
sion as to the influence of certain factors to which human beings are exposed. 
In this and other series of cases reported, one fact has been outstanding as 
probably playing a definite role in the production of pulmonary carcinoma, 
that is the great majority of patients afflicted with this malady are residents of 
urban districts. In such districts, from the cradle to the grave, the lungs are 
constantly exposed to many irritating substances, such as dust, dirt, various 
fumes, gases and other atmospheric pollutions which have a deleterious effect 
on the lining cells of the bronchial tree throughout its entire extent. It is a 
well-known fact that miners and, particularly in various places in the world, 








* Read before the 58th Annual Session of the Southern Surgical Association, Hot 
Springs, Va., December 10, 1946. 
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laborers exposed to certain foreign particles in the air, are very prone to 
develop growths in the lung. It is also fully recognized that individuals who 
are working in contact with irritating gases, such as chlorine and others, fre- 
quently develop epithelial growths in the air passages. Changes in oxygen 
tension will affect the type of epithelial lining cells, often causing a metaplasia 
from the cylindrical cell to a flat cell. This morphologic transposition may also 
be found in the bronchi which are tributaries to areas of infection, such as lung 
abscess or bronchiectasis. In other words, chronic irritation, regardless of the 
type, will produce changes in the growth-rate and shape of the cells of the lung 
which seem to be very sensitive to this pollution of the atmosphere. It will be 
interesting, now that women are smoking, to see if the much higher ratio of 
the malignancy of the lung in men, is decreased by an increase in the incidence 
in women. 

Due to the occupational hazards mentioned above as well as habits, a higher 
incidence of primary malignant tumors of the lung is to be expected in the male 
than in the female. Table I shows the distribution according to sex of the 
patients in this series. It is to be noted that there is a much higher incidence 
in the male than in the female, a ratio of almost 6 to 1 in favor of the males, 
The incidence of involvement of the right and left sides is approximately 
the same. 

In regard to the age incidence of primary malignant tumors of the lung, 
this does not vary to any great extent from the age incidence of malignant 
growths elsewhere in the body. The majority of the patients were in the fourth 
to sixth decades. Perhaps patients in the second to fourth decades were more 
frequently affected than would be the case of other viscera; however, this 
series of cases, although relatively large, is far too small to warrant an exact 
statement. Twelve of the cases fall into the sixth decade. The oldest patient 
in this series to be operated upon was 76 years of age and the youngest 109. 
Age, in itself, seems to offer no contradindication to operation. Not infre- 
quently an older patient from a physiologic point of view is a far better oper- 
ative risk than a younger one. In this series the older patients were surpris- 
ingly unaffected by the operative procedure, including the patient age 76, 
and generally had uneventful postoperative convalescences. Pulmonary can- 
cer, however, generally speaking, is a disease of advanced age. 

Unfortunately for the lay public, physicians as a whole, because of the 
lack of therapeutic measures to combat such lesions or to effectively treat 
them, have been less acutely interested in the possibility of malignant growths 
of the lung than those of other viscera or organs of the body. It is, therefore, 
important that not only all physicians, but also the lay public, should become 
cognizant of their respiratory tracts in order that they may at the earliest 
moment seek confirmation or dissipation of their apprehensions in regard to 
signs and symptoms originating in their respiratory organs. 

It is mandatory that the knowledge of the signs and symptoms originating 
as a result of malignant tumors of the lung be made known to the public as a 
whole, just as every woman knows the significance of a tumor of the breast 
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and realizes the importance of immediately consulting a physician concerning 
such a tumor. 

In the analysis of this series of patients herein reported, in regard to the 
most frequent signs and symptoms occurring in such cases of primary cancer 
of the lung, only those signs and symptoms were included that could be 
attributed to involvement of the lung itself and not to invasion of contiguous 
structures or distant metastases. In 71 per cent of the patients in this series 
cough was the chief symptom. In a nation of heavy cigarette smokers, in 
which the population supplying the majority of patients breathes the polluted 
atmosphere of cities, cough is almost universal and is due mainly to nonspecific 
irritation of the respiratory tract. The important point about coughing that 
should make one suspicious of the presence of an intrabronchial growth is the 
departure from the normal for any individual. If in an adult “chronic cougher” 


TABLE I 


DISTRIBUTION ACCORDING TO SEX OF CASES OF 
PRIMARY CARCINOMA OF THE LUNG 


Operable Inoperable 


RN ie cassava aks oa dence coined nite ae 84% 86% 
NES iii asne bale ea aaa sa ew ale 16% 14% 


TABLE II 


SIGNS AND SYMPTOMS OF CARCINOMA OF THE LUNG 


Sib das cm oceeidbbcnereesasescdtsewnas ead 71% 
I ie. resi ait 0:sk ke os wale eee eoabos ted wine ed 63% 
PE Ga-bb bade daehGbboniensn Saab oaks bee aumaae 50% 
UE ics. 5:55 aed bob aae Road sas Kong salgnas 6 39% 
PENIS os. 5 5:9.9.6-0.94544406496n66n ewe RR aOR Oe 23% 
PG < 5c5 cancnwkacen<sapawecsawenenn kena 18% 
POE Sicp esa iudcSheeeawene «> HébeRSEOES oxeN OES 13% 
EE ne ee ae a reer 3% 


the type of cough changes to a spasmodic, productive or nocturnal type, or, 
again, if a person who has heretofore coughed infrequently suddenly begins to 
be annoyed by a hacking cough day and night, attention should be focused on 
the bronchial tree and the presence of a bronchial neoplasm should be sus- 
pected. The development of a cough or changes in the character of coughing 
can portend an extremely serious condition. Until physicians as a whole, as 
well as the lay public, become more acutely aware of the serious significance 
of this sign, the opportunity for early and satisfactory treatment of pulmonary 
neoplasms will be denied to many patients. It is to be noted, again, that the 
outcome in this condition, unless recourse is had to surgery, is invariably fatal. 
These symptoms and signs are listed according to the frequency of their occur- 
rence in Table II. 

In 63 per cent of our patients expectoration of blood or hemoptysis was 
associated with coughing. This varied from streaking of the sputum to the 
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expectoration of large and copious amounts of blood, up to six ounces (180 
cc.). In the latter group the accumulation of blood in the mouth was preceded 
by a “gurgling” in the chest on one side which warned the patient of the 
impending hemoptysis. In our experience, copious hemoptysis has usually been 
associated with the adenocarcinoma type of intrabronchial growth. Unless 
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Fic. 1.—Demonstrating the first two operative steps using 
the anterior approach. 


the roentgenograms and sputum examination are indisputably those of tuber- 
culosis or bronchiectasis, hemoptysis must be considered to be due to an intra- 
bronchial growth until this has been ruled out by the many types of examina- 
tions at our command. The burden of proof is on the physician who, in any 
given case, states that hemoptysis is not due to a tumor of the lung. This is 
true even though a small number of tubercle bacilli may be present in the 
sputum. Tuberculosis and cancer may be associated, and were in four cases 
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in our series. Clinical examinations to diagnose an intrabronchial tumor in no 
way interfere with the treatment of pulmonary tuberculosis; but if a patient 
bleeding from a tumor of the lung is observed for months in an attempt to 
prove the case to be tuberculosis, in many instances he will have lost his only 
opportunity for successful treatment. The discovery that the bleeding was 
originally from a neoplasm will have come too late. 

Although it is uncommon to have pain as a prominent symptom in cancer 
of other organs, it is third in prominence among the signs and symptoms in 
patients afflicted with cancer of the lung. Pain arising from an intrabronchial 
neoplasm must be differentiated from the pain due to direct invasion of con- 
tiguous structures. Pain arising from the lung itself is not associated with 
the respiratory cycle, as is the pain of pleuritis. It is most often described by 
the patient as a constant dull ache deep in the chest. The frequency with 
which the actual position of the tumor, as shown by roentgenography, coin- 
cided with the location of the level of pain on the chest wall, as indicated by 
the patient, was surprising. In all probability pain does not arise within the 
tumor itself but is a result of pressure on the bronchial wall. Persistent pain 
in the chest, in the absence of inflammatory disease or aspiration of a foreign 
body, should always lead to careful investigation of the respiratory tract. Pain 
down the arm or in the chest wall, so characteristically found in the so-called 
“superior sulcus or Pancoast tumor,” is, as a rule, due to direct invasion of 
the ribs or the brachial plexus or both. This distribution of pain is considered 
a very unfavorable symptom from the standpoint of operability. 

Loss of weight due to cachexia in advanced carcinoma of any organ in the 
body, particularly the gastro-intestinal tract, is well-known and obvious; but 
not so easily understood was a striking loss of weight in 39 per cent of the 
cases of pulmonary carcinoma. This loss of weight was, of course, due in part 
to coughing, loss of appetite because of hemoptysis and sputum, worry, etc. ; 
but the rapid gain of 30 to 50 pounds in a few months after total pneumonec- 
tomy for the removal of a relatively small growth remains unexplained. 

Fifth on the list of signs and symptoms is hyperpnea, occurring in 23 per 
cent of the patients. These patients complained of a sudden desire to breathe 
in deeper breaths, not exactly similar to air hunger but approximating this 
condition. The deep breathing sensation one experiences when breathing car- 
bon dioxide would seem to be similar. This paroxysmal hyperpnea came on 
suddenly and lasted for a few seconds or a few hours. The mechanism for this 
respiratory phenomenon is difficult to explain. It may possibly be caused by 
a plug of mucus occluding a secondary or tertiary bronchus already partly 
plugged by an intrabronchial neoplasm, the bronchopulmonary segment of 
lung, to which the occluded bronchus is a tributary, thus, becoming the site 
of an obstructive emphysema. Reflex disturbances in the respiratory rate and 
amplitude are thus set up. With expulsion of the mucus plug the respiratory 
rate returns to normal. Such unusual changes in the respiratory cycle, even 
though of short duration, should excite one’s curiosity sufficiently to suggest a 
thorough examination of the bronchial tree. 
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Eighteen per cent of the patients had suffered from attacks of pneumonitis 
associated with episodes of fever and all the signs and symptoms characteristic 
of pneumonia. It was frequently possible to obtain a history of numerous 
attacks of so-called “pneumonia” in the recent past. The chief characteristic 
of these attacks was that they occurred at any time of the year, with apparently 
no tendency toward seasonal incidence, as in the true epidemic pneumonia, 
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Fic. 2.—Showing entrance to thoracic cavity with minimum amount of 
damage. 


Furthermore, physical signs were atypical and in unusual locations as regards 
the lung itself. Lobar, broncho or interstitial pneumonia, as a rule, present 
fairly typical physical signs. This is not the case in pneumonitis due to 
bronchial obstruction associated with primary carcinoma of the lung. The 
explanation for these unusual observations is not far to seek when their patho- 
genesis is considered. When obstruction of a bronchus, whether primary, sec- 
ondary, tertiary or quaternary occurs as a result of a new growth, alone or in 
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association with a mucus plug, the bronchial tree peripheral to the point of 
occlusion becomes filled with mucus. Eventually infection of this bronchopul- 
monary segment occurs and the clinical syndrome of localized pneumonitis is 
produced. A portion of a lobe of greater or lesser dimensions, the entire lobe 
or even the entire lung may be involved. If exacerbations of such a pneumon- 
itis are of sufficient frequency, bronchiectasis, or even an abscess, will at times 
supervene. Often such an abscess perforates into the pleura and produces 
putrefaction empyema. The point to be emphasized is that when such an 
unusual sequence of events takes place, or when any one of the previously- 
mentioned inflammatory episodes occurs that cannot be explained as a com- 
plication of a typical pneumonia or as a result of aspiration of a foreign body, 
an intrabronchial growth should be suspected. It is the repetitious nature of 
such pneumonitis which makes it so significant. 

In general, it may be stated that there are no characteristic or pathogno- 
monic signs and symptoms of primary carcinoma of the lung. This lesion 
masquerades as many of the more common disorders of the lung. The onset 
is often insidious, but the recurrent nature of signs and symptoms previously 
described should call attention of the patient and the physician to the respira- 
tory tract so that a thorough examination will be carried out. Especially is 
this true of a patient who has previously had excellent health and in whom, 
after the second decade, there develops a cough associated with spitting of 
blood. Too often precious time is lost because of a diagnosis of pulmonary 
tuberculosis, lung abscess, unresolved pneumonia, bronchiectasis or heart 
disease. The methods of examination employed to rule out the presence of an 
intrabronchial growth in no way interferes with the diagnosis or treatment of 
any of the conditions which are at times mistaken for such a growth. 

Diagnosis.—In this series of 327 cases the roentgenograms of the chest 
were positive in every instance. It is not suggested that a diagnosis of primary 
carcinoma of the lung could be made from the roentgenographic studies alone, 
but there was in each case an abnormal shadow which necessitated further 
study and examination. Thus, it may be stated emphatically that in every 
instance in which roentgenograms of the chest show a departure from normal, 
and in which this departure is not in every way characteristic of one of the 
commoner lesions of the lung, the presence of bronchogenic cancer should be 
inferred. Unquestionably, the roentgenograms of the chest are the most 
important and simplest method of examination at our disposal. Even in the 
earliest stages of growth of a primary carcinoma of the lung the lesion, as a 
rule, can be discovered. In the early part of the last decade, and even today, it 
was, and is, disheartening to watch an early lesion develop over a period of 
months into an inoperable cancer of the lung because physicians who were not, 
and are not, aware of this danger would advise the patients to “wait and see 
what happens.” “Coming events often cast their shadows before them’’—it is 
equally true that shadows cast by hilar infiltration due to other conditions, 
such as tuberculosis and even normal structures, are confusing. However, an 
infiltrating hilar shadow in a patient past middle age, associated with cough, 
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hemoptysis and the absence of tubercle bacilli in the sputum almost certainly 
indicates a bronchogenic carcinoma; most of these carcinomas are located at 
or near the hilus or root of the lung. The diagnosis of cancer of any organ 
cannot be definitely made by roentgenologic examination alone, but the more 
experienced the observer the greater the likelihood of an accurate interpre- 
tation. Positive roentgenograms may show a shadow produced by the new 
growth itself or by an area of atelectasis, bronchiectasis, pneumonitis or 
abscess caused indirectly by occlusion, by the growth, of a bronchus leading 
to a brenchopulmonary segment or segments. 

In my experience, second to the roentgenogram in importance in yielding 
information which is helpful in arriving at a definite diagnosis is bronchoscopy, 
In fact, either by direct vision or biopsy or both a positive diagnosis of primary 
carcinoma of the lung can be made only in this manner. In 70 per cent of the 
patients in this series a positive biopsy of the cancer was obtained. A pul- 
monary new growth in the periphery or even in the hilar lesions confined to the 
upper lobes may be beyond the vision of the bronchoscopist. Nevertheless, val- 
uable information can be elicited by bronchoscopy even when the growth 
cannot be seen, such as fixation or deformity, or both, due to pressure of any 
visible portion of the bronchial tree. The presence of blood or purulent dis- 
charge from certain bronchi serve as a lead. In this series of cases there have 
been no untoward results during or after bronchoscopic examinations. 

Bronchography is a useful diagnostic method only to reveal occlusion of a 
bronchus by a small growth which does not produce a shadow in the roentgeno- 
grams of the chest. However, it is a harmless procedure and may be the link 
in the chain of evidence pointing to the possible presence of carcinoma of 
the lung. 

Aspiration biopsy has a limited field, is often difficult to interpret, and such 
procedures are not without danger of implanting some cells along the tract of 
the aspiration needle or infecting the pleural cavity with the same cells, with 
tubercle bacilli or other pyogenic organisms. Aspiration of the bronchial tree 
has in some instances revealed cancer cells which could be obtained for micro- 
scopic examination. 

Exploratory thoracotomy should be resorted to far more frequently in the 
future than it has in the past. This is, with the present-day anesthesias 
and surgical technic, a relatively harmless procedure—far more so than 
exploratory celiotomy and attended with fewer dangerous sequelae, such as 
adhesions. Exploratory thoracotomy is far less incapacitating than celiotomy. 
When it has been impossible to arrive at a definite diagnosis by all the means 
at our disposal this procedure should be performed at once, if a dangerous 
pulmonary lesion such as primary carcinoma is suspected. In our series of 
cases no deaths have occurred as a result of simple exploration of the chest. 
If direct observation and palpation of the lesion does not reveal the true 
nature, excision of the entire area in the lobe should be performed for imme- 
diate microscopic examination, and the diagnosis is made as is customary for 
questionable cases of carcinoma of the breast. If further discussion of the sit- 
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uation with the patient seems advisable, the wound may be closed and the 
patient returned to his room for further consultation. Later in the week the 
chest can be reopened and the definite procedure carried out. The old idea that 
opening the thoracic cage at operation is another form of euthanasia must be 
abandoned. The impression that all primary malignant tumors of the lung are 
slow-growing and late in metastasizing is incorrect. 
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Fic. 3—Exposure of hilar structures on the left side through anterior approach. Note 
ease of exposure of pulmonary artery, aorta and pulmonary veins. 


Pathology.—The surgical removal of primary carcinoma of the lung in a 
relatively early stage has brought about changes in our ideas of the origin and 
nature of the growth of such tumors. In the past practically all the data were 
based on the autopsy in very late cases, when it was impossible on account of 
the almost universal involvement of the lung and contiguous structures to deter- 
mine the nature, origin and progress of the growth within the lung. In this 
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series of cases the tumors occurred at or adjacent to the hilus, the minority in 
the periphery of the lung. The latter seemed to spread throughout the area of the 
lung in which they originated by centrifugal growth, most of them apparently 
having arisen in the alveolar lining cells. The hilar tumors, all of which were 
bronchogenic in origin, grew grossly in two separate fashions. The one, an 
intrabronchial tumor arising apparently from the bronchial mucosa, grew into 
the lumen of the bronchus and towards the trachea. The centripetal tendency 
of the growth, occluding completely or partly the primary or secondary 
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Fic. 4—Exposure of hilar structures on right side. Pulmonary vessels lying anterior to 
bronchus are readily demonstrated. 


bronchus was characteristic. The other type of hilar growth was an extra- 
bronchial tumor which, probably arising in the wall of a secondary, tertiary or 
quaternary bronchus, would break through the wall and grow along outside 
of, and often completely around, the bronchus. This type of growth, also, 
showed this centripetal tendency, growing around and about the secondary and 
primary bronchi and then spreading directly into the mediastinum to involve 
the structures contained therein. 

The clinical course is dependent to a great extent on the method of growth. 
It is, of course, obvious that the intrabronchial type will produce respiratory 
difficulties, cough, sputum, and hemoptysis much earlier than the extra- 
vronchial tumor. The first symptoms caused by the latter method of growth 
may be, for example, interference with the venous return from the neck owing 
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to the involvement of the superior vena cava on the right side, or recurrent 
laryngeal palsy on the left, or Horner’s syndrome. Malignant tumors arising 
in the periphery are, as a rule, asymptomatic. They may be said to arise in the 
silent area of the lung and as they do not, as a rule, produce bronchial obstruc- 
tion or erode pulmonary vessels the symptoms and signs are usually those 
dependent on invasion of the pleura and chest wall and, by direct extension, 
the brachial plexus. 

In 70 per cent of the 112 patients upon whom a total pneumonectomy was 
performed there were metastases to the bronchial and tracheal lymph nodes. 
This fact emphasized the necessity of performing a total pneumonectomy with 
dissection of these regional nodes in order to effect a permanent cure. In the 
remaining 215 cases that were inoperable, in addition to the metastases in the 
regional nodes the various organs and structures that were the site of metas- 
tases are listed in the order of the frequency of their involvement : supraclavic- 
ular and axillary lymph nodes, liver, pleura, pericardium and heart, contra- 
lateral lung, osseous tissue, brain and multiple areas in the skin and subcu- 
taneous tissue. 

The characteristic histologic structure of the tumor occurring in this series 
of cases was that of a flat and squamous cel! carcinoma and adenocarcinoma. 
Under these two main headings were included various examples such as oat 
cell, cylindrical cell and adenocarcinoma thought to be different forms of the 
same tumor. The adenocarcinoma type is pleomorphic. Sections of the tumor 
differ depending upon the region from which they were cut. Sixty-five per 
cent of the cases in this series were composed of a flat or squamous cell cancer 
and 35 per cent the adenocarcinoma group. 

It is interesting to note that the length of life, computed on the basis of 
the microscopic characteristics of the tumor, showed that those afflicted with 
the squamous, or flat cell type, lived a greater length of time than those with 
the adenocarcinoma type. 

Treatment.—Preoperative Preparation: For several days preceding oper- 
ation the patient should be carefully prepared. It has been our custom to treat 
the patient with intramuscular injection of penicillin 30,000 units, every 
three hours, avoiding awakening the patient at night. In addition to this 
penicillin aerosol should be employed. Whether or not some of the sulfona- 
mides should be used has been questioned. It is my personal opinion that for 
some days, approximately three, sulfamerazine may be administered by mouth. 
The patients, thus, have a protective blood level of this drug which apparently 
does no harm. It is merely an added questionable merit and so far we have 
not been able to observe any demerits. 

However, the preoperative preparation which we consider of the greatest 
importance is the induction of artificial pneumothorax. The advantage of this 
procedure has been proved over a period of years. In the first place, it must 
be considered a therapeutic test, particularly in individuals in the fifth or sixth 
decade in which there may be a certain degree of unrecognized emphysema. 
Removing the lung at operation without knowing whether or not the patient 
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can sufficiently oxygenate himself with the remaining lung may constitute a 
fatal error, and in the past we have experienced this tragic result. The ability 
of the remaining lung to function sufficiently for the needs of the patient can be 
established before operation is performed by merely collapsing the lung on 
the affected side. Various tests, such as oxygen saturation of the blood at body 
rest and during exercise of various degrees of intensity can be ascertained. For 


Phrenic N.-.. 


Azygos V----: ‘ 





Fic. 5.—Demonstrating placing of interrupted mattress sutures occluding bronchus 
I cm. proximal to cut end. Note cuff-like portion of bronchus distal to suture line. 


after all to cure a patient of a malignant tumor of the lung is futile, if the 
patient is left with insufficient aeration surface to support normal respiration. 
There are other minor advantages and secondary ones associated with artificial 
pneumothorax, such as diminishing the size of the lung so that the mechanical 
handling of this structure is technically made easier at the time of operation. 
Second, the patient has learned to breathe with one lung previous to operation 
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and with the increased intrapleural pressure, thus, avoids pleural shock on 
opening the thoracic cavity. Third, the blood flow through the collapsed lung 
is less than through the expanded contralateral lung and, therefore, the strain 
on the right heart from shifting greater blood flow through one pulmonary 
artery is graduated. Fourth, the location of a growth as regards the position 
relative to the mediastinum is often silhouetted and, therefore, located more 
accurately in the collapsed lung than with an expanded lung. 


~ Pulmonary 
artery and 
veins 






Phrenic N.---. 


Diaphragm 


Fic. 6.—Lung amputated, hilar structures ready to be pleuralized, showing relation of 
pulmonary vessel to bronchus. Open cuff of bronchus visible. 


Treatment.—In our present state of knowledge the only efficacious method 
for treatment of pulmonary carcinoma is by surgical removal of the entire 
organ, together with the regional lymph nodes. Medicinal and radiation ther- 
apy are only palliative, and as these tumors are, as a rule, radio-resistant, 
radiation therapy is of no benefit. It is interesting to note that in 215 cases of 
this series which were found to be inoperable at the time of exploration of the 
thoracic cavity, the average length of life after leaving the hospital was approx- 
imately five months, and this in spite of the fact that every type of supportive 
therapy, and in many instances, radiation therapy, were employed. It is to be 
emphasized again that the disease runs a fatal course in 100 per cent of the 
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patients in whom the lung cannot be removed in its entirety by operation, 
From an anatomic standpoint, the lung lends itself to surgical removal more 
readily than any other organ in the body, with the possible exception of the 
breast. From the point of view of the biologic characteristics of primary carci- 
noma of the lung surgical removal is more apt to be successful because of the 
relatively slow growth and spread of these tumors as compared to similar 
tumors in other regions of the body. Finally, the remarkable ability and ten- 
dency of the contralateral lung to undergo compensatory changes prevents 
incapacitation of the patient from a physiologic point of view. 


OPERATIVE TECHNIC 


The operative technic now employed for one-stage total pneumonectomy in 
the treatment of malignant tumors is essentially the same, except for closure 
of the bronchus, as that described by the author in 1933 in the Johns Hopkins 
Hospital Bulletin.’ 

A number of points in the operative technic, as would be expected, are still 
controversial and as in any other operative procedure a unanimity of opinion 
as regards the various methods is hardly to be expected. But, after 13 years’ 
experience and having employed this operative technic in 327 cases, of 
which 112 were total pneumonectomies, it is felt desirable, with the background 
of this experience to discuss certain steps in the operative procedure which are 
of special interest. 

In the first place, the anterior approach is definitely to be preferred to the 
posterior or lateral for the following reasons: (a) the width of the intercostal 
spaces is greater anteriorly than posteriorly and the necessity for resection of 
ribs is, therefore, as a general rule, not necessary. This reduces the operative 
time and the general ill effects of the procedure upon the patients (Figs. 1 and 
2). The thoracic cavity is more quickly entered with a minimum amount of 
damage to the chest wall and parieties. The use of a self-retaining retractor 
gives sufficient exposure so that the question of operability can be promptly 
judged. The time consumed from the incision to the entrance of the pleural 
cavity is far less when the anterior approach is employed, and associated with 
this there is a minimum loss of blood as well as trauma to tissues. If a greater 
amount of exposure is desired the adjacent intercostal cartilages can be incised 
and the ribs, usually the third and fourth, can be displaced cephalward or 
caudalward. Also, by slightly rotating the patient on the operating table, or 
the table itself, if desired, the incision can be extended laterally so that the 
maximum exposure can be obtained. If the tumor proves to be inoperable, 
the minimum of operative trauma has been incurred. The operability can be 
determined at once with the minimum operative effort. In the event the 
growth is operable the dissection of the hilar structures, such as the pulmonary 
artery and veins which lie anterior to the bronchus, is accomplished with far 
greater ease and facility when the anterior approach is employed (Figs. 3 
and 4). The advantage of ligating the pulmonary artery at the beginning of 
the operation is obvious, the control of hemorrhage is, thus, more certainly 
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assured and the greater percentage of blood normally contained within the 
lung is returned to the general circulation via the pulmonary veins. Bleeding 
from any adhesions that may exist between the visceral and parietal pleura is 
reduced to a minimum. If for any reason it is felt desirable to interrupt the 
operative procedure and perform the operation in two stages, one can do so 
after ligation of the pulmonary artery, provided the pulmonary veins have been 
left intact. If the latter are ligated, the lobe which either one or both pulmonary 
veins drain, must be removed, for otherwise, gangrene of this portion of the 
lung will ensue. It is to be noted that the bronchial veins are vestigial in 
character and do not function sufficiently to even drain off the blood brought 





Fic 


7.—Left side of bronchus, plus denuded hilar surface covered with pleura. 


to the lung by the bronchial artery, to say nothing of that from the much larger 
pulmonary artery. When the pulmonary artery, which carries venous blood is 
ligated collateral circulation through the bronchial artery is at once established. 
The bronchial artery brings sufficient arterial blood to the lung to maintain 
this organ in a normal state of nutrition and the circulation through the lung 
is, thus, changed from a venous to an arterial one, Whereas normally the 
greater amount of blood flowing through the lung capillaries is venous in char- 
acter, originating from the pulmonary artery, the blood flowing into the same 
capillary bed from the bronchial artery is arterial. Stoppage of the blood flow 
from the pulmonary artery by ligature of the latter, incurs a great increase in 
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flow from the bronchial artery and, thus, fills the capillary bed in the lung and 
the branches of the pulmonary artery up to the point of ligation with arterial 
blood, containing such a high saturation of oxygen that the lung is, thus, ren- 
dered essentially functionless as far as further oxygenation of the blood flowing 
through it is concerned. The development of this collateral circulation via the 
bronchial artery begins after ligature of the pulmonary artery is performed, 
In the early days simultaneous ligation of one or both pulmonary veins invar- 
iably resulted in moist gangrene of the corresponding lobe or lobes because of 
the vestigial character of the bronchial veins. In the event of ligation of a 
pulmonary vein that portion of the lung whose venous bed is a tributary to 
that vein must be removed at the time of operation. 

Not infrequently total pneumonectomy may be carried out with a greater 
degree of safety if a two-stage operation is performed, in which only the pul- 
monary artery is ligated as the principal objective of the first stage. This is 
particularly true when the lung is the site of a great deal of infection and 
extensively adherent. The arterialization of the lung with a flow of more 
highly oxygenated blood would appear to have a beneficial effect on the pul- 
monary infection and, therefore, the patient’s clinical condition.* Dividing 
the operation into two stages greatly diminishes the shock of the procedure. 
It has been found that the pulmonary vessels, the artery and veins, are best 
ligated with silk, or cotton, and in no instance has this type of ligature been 
known to cut through the vessel wall. 


TREATMENT OF THE BRONCHIAL STUMP 


Since 1942, when the method of closing of the bronchus was first reported 
by the author in the ANNALS oF SuRGERY* the bronchial stump has been 
occluded by the use of mattress sutures of interrupted silk or cotton placed 
through the bronchus in such a manner that the posterior membranous portion 
is approximated to the anterior cartilaginous wall, somewhat proximal to the 
end of the amputated stump, thus, creating a viable cuff from I to 2 cm. distal 
to the suture line which immediately fills with a fibrinous clot that thereafter 
becomes infiltrated with cells and eventually forms a fibrous plug (Fig. 5). 





* In patients suffering from pulmonary tuberculosis ligation of the pulmonary artery 
has a definite deleterious effect. In eight patients the pulmonary artery was occluded with 
the idea of bringing about an atelectasis of the lung. The lesions were very extensive in 
each case and associated with large cavities. However, the change from a lower oxygen 
tension in the blood flow through the lung following ligation of the pulmonary artery, to 
the higher oxygen content of the blood flow from the bronchial artery exercised a most 
marked detrimental clinical and pathological effect on the patient and lung. This was 
apparent by a more rapid progression of the manifestation of the disease than would have 
been expected had the pulmonary circulation not been interfered with at all. No atelec- 
tasis was produced and cavitation increased rapidly. This unfavorable result was 
attributed to the fact that the tubercle bacillus flourished in an environment of higher 
oxygen content. It would be interesting to find out the effect of ligation of only the 
bronchial artery in pulmonary tuberculosis. The reverse condition of oxygen saturation 
would then obtain. 
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One of the more important steps in securing a satisfactory closure of the 
bronchial stump is to sew a pedicle flap of parietal pleura over the end of the 
stump of the bronchus approximating the pleura to the rim of the viable cuff. 
The use of any form of cauterization or traumatization to the end of the 
bronchial stump has been studiously avoided in order that agglutination of the 
rim of this cuff and the pleural membrane would be brought about immediately 
and permanently. Any foreign material such as sutures in the end of this cuff 
or devitalization of the rim of this cuff will militate against the immediate 
healing. Therefore, the bronchial stump should be sutured at least a centimeter 





Fic. 8.—Right side of bronchus, plus denuded hilar surface covered with pleura. 


proximal, if possible, to the point at which amputation is anticipated. Regard- 
less of the type of suture material or the manner in which it is placed, cutting 
through the posterior or anterior membranous portion of the bronchus will fre- 
quently occur. This has been proved experimentally and at autopsy” (Fig. 6). 
Unless every opportunity is, therefore, afforded for the bronchial cuff distal to 
the suture line to heal by the formation of granulation tissue within its walls 
leakage will follow in a rather high percentage of cases. In the event that the 
bronchial growth extends up toward the carina, the bronchus and also the 
lower end of the trachea may be sutured after a diagonal incision in this struc- 
ture has been made. This suture, as in the bronchus, should be tied sufficiently 
tight to approximate the walls of the bronchus or trachea, but not enough to 
cause crushing of the tissue. If so, the sutures will cut. They should also be 
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placed so that the knots are tied about the cartilaginous rings, that is on the 
anterior surface of the bronchus or trachea. Healing of the stump takes place 
at the cut end and the sutures which occlude the lumen of the bronchus, usually 
from four to six in number, must be considered as only temporary, with their 
main purpose to exclude the passage of air through the bronchial stump long 
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Fic. 9.—Mobilization of pleura over anterior chest wall, developing flap 
of parietal pleura to cover raw area of hilus. The same method can be used 
in mobilization of the parietal peritoneum over the vertebral gutter. 


enough for the healing of the end of the bronchus to be completed, or suff- 
ciently so, that in the event the sutures cut through, to form a tight and 
impenetrable occlusion of the bronchial stump that will not open up and allow 
air to pour into the pleural cavity. The healing of the end of the bronchial 
stump requires, as a rule, from one to two weeks, varying in different individ- 
uals, and seems to be completed in the majority of cases after a period of 10 


558 




















Volume 125 CARCINOMA OF LUNG 


Number 9 

to 14 days. However, there have been instances in our series in which the 
stump in one patient reopened after a month, one after three months and one 
even after eight months. Howeves; these, fortunately, eventually healed and the 
patient was none the worse off except for the disagreeable experience asso- 
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Fic. 10.—Mobilization of pleura over anterior chest wall, developing flap 
of parietal pleura to cover raw area of hilus. The same method can be used 
in mobilization of the parietal peritoneum over the vertebral gutter. 


ciated with walled-off empyema, which was satisfactorily treated by drainage 
and irrigation with penicillin. 

Interrupted mattress sutures may be employed by stitching the anterior 
cartilaginous wall laterally, infolding the posterior membranous portion, pro- 
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viding the cartilaginous rings are incised at the apex of their arc, this in 
the midline of the anterior surface of the bronchus. This method has been 
satisfactorily employed in some cases. (Fig. 7—Fig. 8.) 

All types of suture material have been used—catgut, silver wire, steel wire, 
fascia, and others—and it is our opinion that interrupted sutures of silk or 
cotton would seem to be the material of choice. 

Before the bronchial stump is sutured, after amputation of the lung, the 
inside of the remaining bronchus should be carefully inspected, for not infre- 
quently a blood clot or even a piece of tumor tissue may be dislodged from 
the lung into the primary bronchus during the course of the operation. Imme- 
diately following operation the patient is again bronchoscoped while on the 
operating table before being returned to the ward. Often small clots and 
pieces of tumor tissue have been discovered not only in the bronchial stump 
on the operative side but even in the trachea. If these foreign bodies were 
not removed, aspiration into the contralateral lung might eventuate in the 
death of the patient. 

Mobilization of the parietal pleura may be accomplished on either side by 
loosening the pleura from the endothoracic fascia either anteriorly or pos- 
teriorly in the vertebral gutter. No difficulty has been experienced in obtaining 
a sufficient amount of pleura to cover over completely and without tension the 
entire raw hilar area (Figs. 9 and 10). 

At the end of the operation 150,000 units of penicillin have been introduced 
into the thoracic cavity. The intrapulmonary pressure, as the wound in the 
chest wall is closed, has been increased to not more than 10 mm. of mercury. 
The entrapped air is removed to the fullest extent possible by leaving a small 
catheter in the wound during closure. After the last interrupted suture is 
placed in the skin all the air that can be is removed by aspiration and the 
catheter itself is then withdrawn. No drainage of the pleural cavity is thought 
desirable even in the presence of infection, within the lung itself, and when 
purulent material has been unfortunately and accidently spilled into the 
pleural cavity. 

Since penicillin has been available, when gross infection has been present it 
has been our custom to introduce every other day 50,000 units of penicillin into 
the thoracic cavity. In addition, the drug is also given intramuscularly up to 
50,000 units every three hours. No instances of empyema have been encoun- 
tered in cases so treated, and, thus, the necessity for performing thoraco- 
plasties to obliterate infected dead space in the thoracic cavity has been 
avoided. 

A word of caution should be given here in regard to the possibility of the 
development of interstitial pulmonary emphysema as:a result of increasing the 
intrapulmonary pressure either too rapidly or to too great an extent, in an 
endeavor to hyperdistend the lung on the unoperated side for the purpose of 
obliterating the dead space in the thoracic cavity on the operative side. Rup- 
ture of alveoli within the lung substance itself producing a mediastinal, plus 
extensive subcutaneous as well as visceral emphysema was encountered in one 
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case of diaphragmatic hernia followed by death from cerebral and coronary air 
emboli, proved at autopsy. 

The final proof of the efficacy of any method of therapy naturally is a crit- 
ical analysis of the immediate and remote results. Of 327 cases of primary 
carcinoma of the lung, as shown in Table III, 215, or 66 per cent, were inop- 
erable, whereas, 112, or 34 per cent, were operable. This ratio of the inoperable 
to the operable cases is far higher than it should be, for in the majority of 
instances the attending physician and even the patients had been aware 
of a lesion in the lung for many months, and often years, before submit- 
ting themselves to operation. Undoubtedly in the future, as the field of thoracic 


TABLE III 
CARCINOMA OF THE LUNG 


Ratio of Operable to Inoperable Cases 
No. of Cases Percentage 


RRS 5 os. s5k be a Game so Sewaaean 112 34 
IN ies, sin ccs ss ca eae ee kas 215 66 
327 100 

TABLE IV 


CASES OF INOPERABLE CARCINOMA 


According to Years 
No. of Cases 


Ss os ars wens ts wee ta elegencenden ks ath ew ae kK bie teak 2 
Pech ca atg ps a cn Tate lara igs ice eke Te ae oe 3 
I ane cro stars aonb sess: ta ahead 9 
I it chic ba 5 Neg dra: icse chapter es Cok as dasa ND AEG ar Bc kw ome 17 
Pia beh sa hse em hdd ee ee OOS babes eae eee ete ws 22 
Se on oak acereiee as keene oies Be ON a a ea oo be a 14 
Sia ok nba eb eS Lee Gad awiek wee ae Riee he 21 
Ure axa sige ais bas mation tee wees eek ena ahaa wae 16 
SEE cs Gein nins bee cae eee Se eke ade hake sans 22 
cls cca venta ce as eb raas GS Se dk ES at ee eh 19 
PD iiiak 56 W aavaen Cade Oe DS ADU SALAD RAS ERED 19 
Ga os Raed de ek bs eee a eebeee san peewee 37 
RNG fa: cecasekinsenttos Casi aaah eae ack ake anh oe ek eee 14 

DOM Ridis beds ewan scukswaeedecawhctatin 215 


surgery is developed, this disproportion will be reduced. There will always be 
those instances in which a malignant tumor begins in the periphery of the 
lung, the so-called silent area, and produces no symptoms or signs until involve- 
ment of the pleural or contiguous structures renders the case inoperable. For- 
tunately, this group comprises only about 10 per cent of the cases of malig- 
nancy of the lung, 90 per cent occurring near the hilus, and producing warn- 
ing signals early in the process of the disease. Unless for palliative reason, to 
rid the patient of an infected lung due to neoplastic bronchial obstruction, for 
example, pneumonectomy should not be performed if the tumor has involved 
contiguous structures. Therefore, inoperability would be manifest by involve- 
ment of the parietal pleura or any of the underlying structures. 
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Table IV reveals the number of cases, 7.¢e., 215, of inoperable carcinoma of 
the lung which have been subjected to operation from January, 1934 until 
July, 1946. This number does not include those patients that were clinically 
inoperable. The clinical findings, which we have found to indicate a spread of 
the tumor beyond the confines of the lung and, therefore, render the case incur- 
able from a surgical standpoint, are the following: Metastases to the opposite 
lung or mediastinum, direct metastases to brain, osseous tissue, liver, skin, 
axillary and supraclavicular nodes, pleural effusion, clear or serosanguineous, 
continuous pain to shoulder or referred down the arm, Horner’s syndrome, left 
recurrent laryngeal palsy or hemiparalysis of the diaphragm. 


TABLE V 
PNEUMONECTOMY FOR CARCINOMA OF THE LUNG 


Operations and Mortality According to Years 


No. of No. of 
Operations Deaths 


BO 50410. 6 9 0b 151.0 bein 10-6506 04 0.0, anise inis.ee 2 0 
BE Nand hanes Sedn's bab eOGb ee bss sieeeee'e : 1 
AE ert eee ee ee ee Te 5 1 
BOD 0:6 6 610.0006 0b 0000000 eens 00deees see a 2 
BOF o:6.0.02 666,660 64:00:00 4500660080000 00000 5 0 
SERS ene eee cy errr 7 2 
eS s nwdeons 64058 se Reeeaseeee nies eeei.s 6 2 
BG coena td +450 Ne a eee Dm bbedeswsrake 10 0 
RN 8 00616 6.0:019 0:0:0:4'0.00. 0060s e000 4 0850.08' 13 3 
oR ere tery oe rr er reer eee 9 7 
RE aco o's 0 o00 04.406 560b 50.6 b4sinsneoweeee 9 2 
Se rr ere ee ere eee Tre 12 2 
BEG ievbiais td yndbcdbesdsavesessakeetenss 15 5 
Pere rerrrrrr ever reer ree eer eee 14 1 

112 25 


Although the number of cases of inoperable carcinoma of the lung have 
apparently increased since 1939, when Table IV is compared to Table V, 
there is very little fluctuation in the ratio of operable to inoperable cases over 
the same period of time. All patients with lesions of the lung which have been 
diagnosed probable malignant tumors should be explored regardless of the 
size or position of the tumor or the age of the patient. In the absence of 
clinical signs or symptoms of a spread of the disease from within the limits of 
the lung itself, the question of operability can be determined only by explor- 
ation of the chest. 

In this series of cases, there have been 107 in which total pneumonectomy 
was performed for carcinoma of the lung. 

Table V represents the number of total pneumonectomies performed each 
year for carcinoma of the lung, together with the deaths occurring within one 
month of the operation. All deaths within this time limit were considered in 
the group of immediate postoperative mortality because of the fact that the 
patients had remained in the hospital that long and although in some instances 
death was in no way connected with the actual operative procedure. From 
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1933 through 1939 there were 30 cases with eight deaths, or a mortality of 27 
per cent. From 1940 through half of 1946, 82 patients were operated upon, 
with 17 deaths, or a 20.7 per cent mortality. Thus, in spite of an increase in 
the number of patients there was a 5 per cent decrease in immediate postoper- 
ative mortality. Undoubtedly in the future this hospital death rate will be 
decreased because of several reasons, such as earlier reference of cases by the 
general practitioners, improvements in operative technic, chemotherapy and 
anesthesia. In addition, postoperative care has improved remarkably. Peni- 
cillin is now given intramuscularly, by inhalations, and intrathoracically, so 
that the chance of developing a postoperative empyema is almost nil. 


TABLE VI 
PNEUMONECTOMY FOR CARCINOMA OF THE LUNG 


No. of Cases Total Percentage 
Patients dying after various periods of time: 

SR Beasts 5.06 canna heddescneaa cae 25 25 22 

1 month to 6 years 
Se OO Is os 6 50050 oc se sdxeccaicae 20 
SE EE rR ee ee eee 10 
eT ee ee 
cia i oad ae be enue ele 
Ds its ie ne ones cousneadtde denen 
on ont sons dake eeSsicok sen ee 
De ie i baras as SEwekd bedee we deE SSNs 
Scion bt cae eekv x saeseawaes 


— = & WD OD 


44 3¢ 
Patients living: 
PE i Gi ibis kekweieis ede dan 1 
DINO I bk okedesidsusnnsanodeneas 
De I ienes ee sensi ndnkekwsmekaee 
Be oe Sas cd Wea Ral weate aloes 
SE, OF so i 6 hbk K4o dk dnd ood 0-084 eros 
2 FO, CEI i 5 56060965266 0s0nsseee _ 
DFO, OF a ose 86a 086 cia onc 0300 
ee oe er ee 
Dr Bia ieese ean ceebabocdentas ve 
11 years, or more 
13 years, or more 


—e NNN & SS VI OND WY 


43 39 


112 100 


Important as the immediate operative mortality is, and it should be very 
jealously guarded, the efficacy of the operative procedure should also be judged 
by the ultimate results. The duration of life following total pneumonectomy for 
carcinoma of the lung is shown in Table VI. It is to be noted that patients 
dying after various periods of time are so charted in comparison to patients 
still living following operation. Those dying following operation who died 
less than one month afterwards were considered an operative mortality. The 
total operative mortality of the 112 cases for total pneumonectomy for carci- 
noma of the lung was 22 per cent. Of the patients who are now dead, but 
who lived for various periods of time after operation, i.e., from one month to 
six years, the number surviving the different periods of time was 44. This 
group of cases made up 39 per cent of the total. Reference must be made to 
the fact that of the 215 cases of inoperable carcinoma comprising this series, 
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the average duration of life after exploration of the thoracic cavity was five 
months, so that even in the group, in Table VI, which are now dead but lived 
various periods of time following operation, the average duration of life after 
removing the lung was greater by far than in those patients in which the lung 
could not be removed. Of the patients living at the present time, 39 per cent 
of the total, or 43 patients, have survived from one month to 13 years. Of this 
group, 12 patients have lived five years, or more; one, 13 years; one, II; two, 
nine ; and two, six. As they are still living there is a possibility they may live 
for many years. It would seem desirable to call attention to the fact that all 
these patients, except one who was a professional boxer, have been restored to 
their normal activities. They have been able to return to their former voca- 
tions and even recreations, such as golf, swimming, fishing and hunting. In all 
except the occasional case, since it has not been found necessary to perform a 
thoracoplasty, no deformity of the patient is visible from the removal of the 
affected organ. The remaining lung expands to fill the dead space. This intra- 
thoracic readjustment has been reported in detail elsewhere. If these results 
are compared to those obtained from the surgical treatment of carcinoma of 
the thyroid, breast, esophagus, stomach and large and small intestine, reported 
over a corresponding length of time (13 years) it will be evident that removal 
of the lung for primary carcinoma offers at least as great if not greater prob- 
ability of permanent cure as the surgical treatment of carcinoma of any other 
organ in the body. 

Of the group of patients who lived for some time (up to six years) follow- 
ing operation, but who are now dead, the majority were definitely improved by 
relieving the coughing, hemoptysis and often extensive pulmonary suppuration 
with its attendant discomfort and manifestations. 


CONCLUSIONS 
An otherwise fatal disease, primary carcinoma of the lung, can be satisfac- 
torily treated by surgical removal of the entire organ. Surgical measures short 
of total pneumonectomy are not efficacious. Postoperative mortality and lon- 
gevity are at least as good as, if not better than, the postoperative results fol- 
lowing the surgical treatment of carcinoma of other organs. 
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Discussion.—Dr. Brian Brapes, Washington, D. C.: I fully agree with Doctor 
Ochsner and Doctor Rienhoff that the indications for exploratory thoracotomy in patients 
suspected of having a neoplasm of the lung, should be extended. I understood Doctor 
Ochsner to say that the only contraindication to exploratory operations at his Clinic was 
evidence of distant metastasis. This brings up the question of whether or not one should 
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adhere to the contraindications observed a few years ago; namely, paralysis of the 
diaphragm, paralysis of the vocal cord, or the presence of a pleural effusion. Should 
exploratory operation be recommended to a patient with any of these manifestations of 
extension of the tumor and, particularly, should operation be recommended if a bloody 
effusion is present? 

Certainly these two extensive series of pneumonectomy for bronchogenic carcinoma 
demonstrate the great progress which has been made in this type of surgery in the past 
ten years. 


Dr. Atton OcuHsNeER, New Orleans, La. (closing): I should like to reiterate the 
point Doctor Rienhoff made. We feel that artificial pneumothorax is extremely important 
as a preliminary procedure. I think it allows the cardiovascular system to adjust itself 
to the collapse of the pulmonary capillary bed. I should like, also, to emphasize the 
importance of the anterior approach. With very few exceptions we use this approach; 
only in suppurative disease do we use the posterolateral approach. It is so much easier to 
operate through the anterior approach because the distance from the chest wall to the 
mediastinum is less than in the posterolateral approach. Doctor Rienhoff deserves the 
credit for popularizing this method of approach. 

In answer to Doctor Blades’ question, our only contraindication to operation is 
evidence of distant metastasis and evidence of pleural involvement. Pleural effusion is 
not a contraindication, but if the fluid is bloody, or if tumor cells are found in the 
centrifugated specimen, the case is considered inoperable. As to paralysis of the vagus or 
phrenic nerve, I do not believe it is necessarily a contraindication to exploration. One 
patient of ours who had survived operation for three years had recurrent laryngeal 
paralysis. She died subsequently, but to deny that patient the benefit of exploration would 
be to deny her several years of life. Some of these patients have involvement of the 
aorta. If this is true, the lung cannot be removed, but it is surprising how many times 
the involvement is such that one can resect the vagus and allow the patient to go a few 
months or years with comparative freedom from symptoms. Our contraindication to 
operation is evidence of extension beyond the lung into the parietal pleura or distant 
metastasis—not necessarily involvement of the phrenic or vagus nerve. 


Dr. Witt1AM F. Riennorr, Jr., Baltimore, Md. (closing): Dr. Brian B. Blades 
asked whether one is ever justified in performing a lobectomy for carcinoma of the lung. 
Theoretically, and under quite unusual circumstances, I imagine this procedure would be 
warranted. I have known of only one case, operated upon by Dr. Edward Churchill, in 
which apparently a complete cure was obtained following lobectomy. Two brothers 
working under similar conditions developed malignant growths in the lung at about the 
same time. One succumbed because the growth was inoperable and the other was alive 
aud well several years later following lobectomy. It is my opinion, however, that this 
case is the exception that proves the rule. I have been raised in the school of surgery 
in which eradication of the entire organ affected with carcinoma has been and is consid- 
ered the proper surgical approach to this problem. 

I agree with Dr. Alton Ochsner that the field of operability for carcinoma of the 
lung should be, and actually is being, extended. It just so happens that in those patients 
in whom a recurrent laryngeal palsy on the left side existed the tumor turned out to be 
inoperable. I think Dr. Evarts Graham successfully operated upon a patient in whom 
such a palsy existed prior to operation. 

Dr. Alfred Blalock suggested that I mention briefly four patients that have been 
operated upon for solitary metastases. Two cases operated upon by me were instances of 
solitary metastases of a slow-growing fibrosarcoma originating in the tendon sheath of 
the thigh. Doctor Blalock successfully operated upon two patients in whom there were 
simple metastases from the colon. It is impossible to say how long these patients will live, 
but I am inclined to think that in the absence of metastases other than in one lung, one 
is perfectly justified in performing a total pneumonectomy. 
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A CONCEPT OF TOXIC GOITER* 


Wittarp Bartiett, M.D., D.Sc. 


Sr. Louis, Mo. 


THYROTOXICOSIS is a constitutional malady of which we have incomplete 
knowledge obscured somewhat by therapeutic developments of the past quar- 
ter of a century. The ultimate outcome of its two forms, the adenomatous and 
the diffuse hyperplastic, may be essentially different, but it is well to 
consider them together, with frequent allusions to the features in which 
they differ. 

Those of us who were operating upon toxic patients in the early 1900's 
/ realized that they gradually got ready for successful surgery, most of them, 
| with treatment, without treatment, or in spite of treatment previous to Plum- 
| mer’s introduction of Lugol’s solution in 1922, which very definitely shortened 
the preoperative period, which was still further shortened some 20 years later 
by the advent of the “thio-uro” group (potentially dangerous drugs). 

Henry Plummer, of the Mayo Clinic, was the first to outline the average 
characteristic course of the disease as result of his analysis of 5,000 untreated 
patients. He demonstrated that the malady pursued a cyclic course, each cycle 
running about 15 months, of which the first half (7.5 months) showed decline 
in health, while the second half evinced spontaneous improvement. The patient 
sank to a lower level during each succeeding cycle, about ten of them being 
required to “burn her out.” There are, of course, exceptions to all rules and 
I have seen two glaring ones of Doctor Plummer’s. One young woman died in 
| crisis within one week of her first thyrotoxic symptoms ; another older woman 
experienced a free interval of 13 years between her first and second toxic 





episodes, then died in crisis during this last one. 

An experienced goiter surgeon is frequently called in consultation over a 
patient dying in crisis, a situation which has, in my own experience, been 
precipitated invariably by one of two mental attitudes ; namely, (a) impatience 
on the patient’s part; or (b) ignorance on the surgeon’s part that such a 
patient, treated or untreated, tends in most instances to become a safe oper- 
ative risk if only he waits long enough. 

The subject may well be considered under four heads: 





1. Nature of the maladies. 

2. Preoperative care of the patients. 
3. Criteria of operability. 

4. During and after operation. 


The nature of the two maladies is similar in so many particulars that they 
may be considered together, insofar as six salient features are concerned ; viz., 





* Read before the 58th Annual Session of the Southern Surgical Association, Hot 
Springs, Va., December 10, 1946. 
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(1) Edemas are characteristic of both of them when they are at all 
advanced, due in great part, no doubt, to heart involvement at a period when 
no definite cardiac lesion can be made out. In diffuse hyperplasia the heart 
manifestations are likely to prove functional in character and to be promptly 
and completely relieved by thyroidectomy, while the toxic adenoma may pro- 
duce anatomic lesions which tend to persist even after the goiter which pro- 
duced them has been removed. 

(2) Hypoproteinemia is practically characteristic of both forms of toxic 
goiter, hence, furnishes one of our leading motives in the preoperative care of 
every toxic patient. The objective here can usually be met by a sufficiently 
prolonged feeding of 115 Gm. (calculated) daily of the albuminous foods 
given to the ordinary hospital patient. . 

(3) Radiation of body heat is affected in all of these patients. One of the 
most common and most bitter of their complaints is occasioned by the circum- 
stance that they can not get rid of it at a normal rate. We have been greatly 
aided in the preparation of such patients for operation by resting them on a 
veranda (weather permitting) placing them upon a canvas cot instead of a 
mattress, then using a fan most carefully. 

(4) Anoxemia on Exertion.—This manifestation is usually of extreme 
degree in patients who present the other well-known features of the malady, 
especially in the diffuse hyperplastic form. The well-known Army “hopping 
up and down” exercises will readily elicit this symptom if present in any 
noticeable degree. 

(5) Prothrombin deficiency may be present without having made itself 
apparent until practically uncontrollable bleeding becomes apparent at opera- 
tion, hence, preparation for transfusion should be a part of the operating room 
set-up whenever this possibility can not be ruled out, since far too much blood 
may be lost, although careful hemostasis is practiced as far as recognizable 
sources of hemorrhage are concerned. 

(6) Liver function is undoubtedly impaired in every pronounced case of 
thyrotoxicosis ; it is well, therefore, to carry out some of the well-known liver- 
tolerance tests in every one of these patients who exhibits a marked case of 
the disease in either of its two forms. Liver-death is probably more common 
than usually supposed, hence, is not to be taken lightly as a possibility. 

The preoperative care of these people may spell the difference between 
success and failure in the treatment of them. It has been recognized by men 
who study them that very few enter the hospital in a condition that warrants 
immediate operation, something which is possible for many patients who are 
afflicted in other ways. We are able to prepare the diffuse hyperplastic (exoph- 
thalmic) patients more quickly and more adequately than the adenomatous 
ones, since we possess at least two specific remedies for them, while for the 
last named we are restricted to the general measures which usually benefit 
both varieties; namely, (1) diet, stressing proteins, at least 115 Gm. daily; 
(2) rest, apportioned to individual needs; and (3) sedatives in excess of any 
ordinary need. 
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We have used iodides in both forms of the disease since Plummer intro- 
duced the idea in 1922, though many students of the malady feel that it is not 
effective in the adenomata. Their value seems to be apparent in the first weeks 
of their use, which means, usually, that they should be employed only as a 
preliminary to an operation which has been decided upon. The full effect of 
iodides can not be secured a second time, and they are surely not indicated for 
the treatment of a chronic case. 

Thiouracil, and similar compounds, are the recent and most effective 
additions to the list of medicaments which profoundly influence hyperplastic 
goiter, though they are not equally valuable in the treatment of the adenomata. 
We have employed them with truly astonishing results, and have been for- 
tunate enough to escape any of the complications or fatalities observed by 
others, though blood, urine, efc., have been scrutinized at frequent intervals by 
a capable internist and pathologist at De Paul Hospital. Still, we realize that 
agranulocytosis, severe anemias and even fatalities have followed their use, and 
that it is really a question of time until misfortune overtakes any one who 
employs this useful, though potentially deadly, compound which certainly 
should be withdrawn at the appearance of trouble. 

Thiouracil had not been long in use before operators noted that patients 
prepared with it bled to a totally unexpected degree; in fact, they seemed to 
“weep” blood from sources too small for identification. This embarrassing 
tendency was corrected shortly thereafter by withholding the drug one week 
previous to operation, then changing to iodine, or to an iodide, with the happy 
result that no more than the expected amount of bleeding occurred. We have 
not limited the use of thiouracil to the treatment of diffuse hyperplastic goiter 
alone, knowing that hyperplasia occurs in thyroid tissue between the nodules 
of an adenomatous goiter as well as within the adenomata themselves. We 
have often been gratified by using it thus, though we must admit that its field 
of greatest usefulness is in the preoperative treatment of the diffuse hyper- 
plastic form of toxic goiter. 

We feel that our own criteria of operability deserve all the credit during 
the lengthy periods in which our operative results have been wholly satisfac- 
tory. There has been a calamity, sometimes a fatality, every time we have 
digressed from one or more of them. They are six in number, a certain 
amount of originality being claimed for the sixth: (1) circulatory; (2) nutri- 
tional; (3) central nervous; (4) excretory; (5) metabolic; and (6) breath- 
holding (voluntary apnea). 

The choice of a toxic patient for operation is frequently rendered difficult 
as far as the heart is concerned by a coincidental anatomic lesion of the circu- 
latory system which has no connection with the goiter, toxic or otherwise. 
After an accurate estimate of the true state of affairs, a prognosis based upon 
it will do much toward avoidance of the disappointment sure to arise when 
promised heart improvement fails to follow removal of the goiter which the 
patient has been told was responsible for all her symptoms. It may occasionally 
be good judgment to remove half the load by thyroidectomy in many such 
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instances, but the patient must be told that chronic vascular trouble remains. 
Decompensation always precludes operation until the patient has had the 
cardiac mechanism restored ; this does not take long in hyperplasia, as a rule, 
while it may be a very lengthy procedure in toxic adenoma. An old assistant 
of mine once said of such patients: “Let them do their own dying,” a solution 
which is surely more acceptable than the death which follows operation upon 
a patient who is not ready for it. 

We have seen a few patients who have required a year of treatment before 
successful operation became possible, while, on the other hand, consultation 
over a patient dying after thyroidectomy has usually elicited this explanation 
to me: “We operated because the patient had stopped improving.”’ Such oper- 
ators are usually men of limited thyroid experience. We often have a capable 
cardiologist examine the patient before selecting a date for operation, though 
sufficient circulatory improvement should be apparent to any well-trained 
internist or to a capable surgeon himself. But remember at all times that the 
circulatory criteria are the most important of them all. 

Nutritional changes come second on our list. The patient who has lost 
much weight rather suddenly is never a good risk. Willard Bartlett, Jr. has 
made the very pertinent observation that loss of weight is not infrequently 
preceded by a sudden, short, sharp gain, something we have noted too often 
for it to be mere coincidence, though it seems not to have been widely com- 
mented upon. 

Central nervous manifestations are surely important criteria, particularly 
the more severe forms of them. We long ago learned by bitter experience that 
an insane patient, also one recently so affected (diffuse hyperplasia), invariably 
dies soon after thyroidectomy. 

Excretory phenomena are to be taken seriously, particularly diarrhea and 
vomiting. We never plan an operation in such cases until at least 50 per cent 
of the lost weight has been regained, provided, of course, that the other five 
criteria are satisfactory. 

Basal metabolism figures are important only when a comparative study of 
several observations can be made under similar circumstances, preferably in 
the hospital under truly basal conditions. 

Voluntary apnea (our breath-holding test) would seem to be the most con- 
vincing of all six criteria, particularly since, to some extent it embraces fea- 
tures of the other five which have preceded it. I first proposed the test at the 
Dallas meeting of the American Medical Association in 1926, after noting that 
several patients, thought to be ready for operation, had to be hurriedly returned 
to bed because they became cyanotic when an inhalation anesthetic was started. 
Clinical experimentation soon proved that such unprepared patients could be 
identified during breathholding before a needless trip to the operating room. 
The technic of the test, as now used, and its full value, were not realized until 
Willard Bartlett, Jr., after studying it further, published his article: “Duration 
of Voluntary Apnea in Thyrotoxicosis: An Index of Stability and Criterion 
for Operability,” Surg. Gynec. and Obst., 63, 576-582, 1936. Two phases of 
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this problem are now recognized; namely, the importance of the relationship 
between (1) breath held after inspiration; and (2) breath held after expira- 
tion. It is normally held about half as long with an empty chest as it is with 
chest filled; any great alteration in this 2:1 ratio shows that the patient is 
not prepared for operation, while the same conclusion may be drawn if 
the breath is not held 40 to 50 seconds after deep inspiration. It may 
be noted that normal persons hold the breath with full chest from 60 
to 100 seconds, while trained athletes extend this to three minutes at times, 
and there are said to be instances on record of men being saved from drowning 
after complete submersion for full 15 minutes. A knowledge of the patient’s 
background is, therefore, essential to an adequate interpretation of this test in 
the individual case. 

During and after operation decidedly weighty conclusions must be arrived 
at and vitally important measures carried out. 

The method of anesthetising the patient demands our first attention. Toxic 
patients should not get enough of a general anesthetic to make them bleed 
excessively while, on the other hand, the nervous system is unduly sensitive, 
hence, must be protected to a very definite degree. This we accomplish by the 
use of a combined nerve block and inhalation. (The method was described in 
detail in “A Safe and Satisfactory Method of Anesthesia for Toxic Goiter 
Patients,” Willard Bartlett and Willard Bartlett, Jr., Surg., Gynec. and 
Obstet., 58, 737-740, 1934.) 

Our idea is to create skin and fat analgesia by blocking the superficial 
cervical plexus at the posterior border of the sternomastoid, as had been done 
by so many others, but to this we add a block of the descending branch of 
the hypoglossal, thus, securing a like effect on the fasciae and muscles all the 
way down to the gland itself, which is rendered insensitive by blocking the 
nerves entering the two upper poles after they have been exposed. The entire 
thyroid region is, thus, rendered devoid of all sensation for an hour or more. 
All needle pricks, tractive or retractive discomfort are “covered” by a mini- 
mum of ethylene gas. This method, which seems to have been widely adopted, 
is so successful that we frequently employ it on nontoxic patients, omitting the 
use of a general anesthetic entirely. 

A second therapeutic measure carried out by us during operation is the 
intravenous introduction of 200 cc. of 25 per cent hypertonic dextrose, based 
on the observation that patients who die from goiter operation present the 
picture of cerebral edema, which, quite naturally, suggests the desirability of 
the hypertonic treatment. 

Our third suggestion for the period of the operation, always a vital time, 
has to do with the excessive use of oxygen, whether or not it seems particu- 
larly indicated ; this seems to come as a matter of course in view of the anoxia 
on exertion which these patients all show when first seen. 

A fourth consideration has to do with sodium iodide, one or two ampoules 
of which are added to the intravenous injection at the table. This is particu- 
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larly valuable for the patient who has been prepared by administration of 
thiouracil, and who tends to bleed without an iodide. 

In the fifth place, we add a large dose of vitamin-K to the already men- 
tioned intravenous iodide, though three daily administrations of it have been 
carried out previously during the late preparatory period. 

We realize the need of fluid for all patients, hence, the hypodermic intro- 
duction of 2,000 cc. of 5 per cent dextrose is started after the patient is 
returned to bed, but so slowly absorbed as not to destroy the effect of the 
hypertonic solution which has preceded it. . 

Another consideration has to do with the extreme protein need of the 
toxic goiter patient. We tried to meet this need by feeding during the pre- 
operative period, so it seems logical now, during the period of extreme stress, 
to inject under the skin one or two ampoules of amino-acids (Stearns), meet- 
ing in this way any added acute load. 

Immediately following the operation we give sedatives, enough to insure 
perfect quiet on the patient’s part, though less than the expected degree of 
pain follows a well-carried-out nerve block. 

When temperature rises to 102°F. in the early postoperative course we 
have four ice-bags applied, one to the forehead, one to the precordial region, 
and one to the inner aspect of each thigh. The patient is closely watched and 
the bags quickly removed if the body temperature is forced to a subnormal 
degree. 

Fluid intake, by whatever route, is strictly limited, as has been mentioned, 
during the first few hours while cerebral and other edemas are considered 
possible. 

Propyl thiouracil would seem to be comparatively harmless, and we have 
proved by their use in thousands of cases, that the ‘six criteria of operability we 
are presenting, cover all essential risks, hence, this combination should reduce 
the mortality of thyroidectomy to almost the vanishing point. This is a pre- 
diction in which we may well take pride when it is remembered in com- 
parison that Dr. C. H. Mayo, the incomparable pioneer in the field of toxic 
goiter a half century ago, experienced a mortality of 25 per cent in his first 
short series of the then little understood toxic patients, as he told me in 
January, 1902, when I first visited him and his equally promising brother who 
were both then new to fame. 


607 N. Grand Ave. 
St. Louis 3, Mo. 
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THE USE OF THIOURACIL, THIOBARBITAL AND PROPYL THIo- 
URACIL IN PATIENTS WITH HYPERTHYROIDISM* 


Frank H. Laney, M.D., 


DEPARTMENT OF SURGERY, 
AND 
Emer C. Bartets, M.D., 


DEPARTMENT OF INTERNAL MEDICINE, 
THE LAHEY CLINIC, 


Boston, MassacHUseETTs 


THE USE OF AGENTS capable of bringing to normal the elevated basal 
metabolic rate of hyperthyroidism has greatly reduced the complications of 
this abnormal metabolic state. Astwood, to whom we are all indebted for 
his work on these drugs, has proposed three different drugs of the thiourea 
group for employment in this disease, first thiouracil, then thiobarbital and 
now propyl! thiouracil. 

As is the case with all new agents, particularly while they are in the 
trial stage and experience with them is being gained, many premature, over- 
optimistic and conflicting statements are made about them. It is for this 
reason we think that it is important for anyone who has had a large experience 
with them to keep reporting their results for others while they are gaining 
their own experience with these agents. These drugs are extremely powerful 
and effective and because of this powerful effect on inhibiting the synthesis of 
thyroxin they have in certain cases an equally powerful capacity to depress 
bone marrow function and produce agranulocytosis which can and already 
have brought about a considerable number of avoidable fatalities. We have 
used one or more of these agents over a period of three and one-half years 
and have now prepared 660 patients with various types of hyperthyroidism 
for thyroidectomy, and in addition have employed these agents in a series of 
21 cases over a long period of time to determine whether they can be used as 
a substitute for operation. We would like to propose a series of pertinent 
questions concerning these drugs and attempt to answer them from our ex- 
perience which is now large enough and long enough to permit answers with 
a reasonable assurance of their soundness. 


HOW DO THESE DRUGS ACT TO REDUCE THE BASAL METABOLIC RATE? 


In attempting to answer this question, one is able to state only the results 
obtained by the use of these drugs. We know that if given in an adequate 
dose they completely halt the synthesis of inorganic iodine into diiodotyrosine 
on into thyroxin, as is proven by the drop in the protein-bound iodine. The 
basal metabolic rate drops and if the agent is continued long enough, myx- 
edema results and is maintained as long as the drug is given. 





* Read before the 58th Annual Session of the Southern Surgical Association, Hot 
Springs, Va., December 10, 1946. 
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Unlike iodine which produces prompt and striking histologic change in the 
thyroid gland, which at least is relatively proportionate to the change in the 
clinical and metabolic picture, these three agents, thiouracil, thiobarbital and 
propyl thiouracil, produce even more striking effects upon the clinical and 
metabolic picture but with practically no change in the histologic picture. 
Since it is true that the function of the thyroid cell by which iodine is syn- 
thesized into thyroxin is not demonstrable by histologic examination, so the 
method by which thiourea agents stop the synthesis of thyroxin is as yet not 
satisfactorily explained. It is important to have in mind, as relates to the 
question of whether or not these drugs will prove to be a complete or partial 
substitute for subtotal thyroidectomy, that the pathologic histology (hyper- 
plasia) which originally brings about hyperthyroidism is still present even 
after these drugs have reduced the basal metabolic rate to normal, and that 
on stopping these agents the necessary factor for the restoration of an elevated 
metabolism (hyperplasia) is still present. 


WILL THESE AGENTS ALWAYS BRING THE METABOLISM TO NORMAL? 


Since many patients become iodine-fast or iodine-resistant, the question 
has often been asked as to whether or not this condition arises in patients with 
hyperthyroidism while being treated with these drugs, thiouracil, thiobarbital 
or propyl thiouracil. In spite of the fact that we have been told by others 


TABLE | 


COMPARATIVE DAILY DOSAGE OF ANTITHYROID DRUGS 


Daily 
Drug Dosage, Mg 
PI cb shack ebninassaneabanabauernaeneeakow on 600 
SE onc vhandnsaedkeres ease aehssameigaeese 50 
POI 65 ek sbacedhssoubaestGangubaboun 200 


that this occurs, it has not been our experience. There has been no patient 
in whom, if given one of these drugs in a large enough dose over a long enough 
period of time, if not compelled to stop it because of a complication, we have 
not been able to bring the metabolic rate to normal. 

To discuss dosage first and length of time the drug needs to be admin- 
istered afterward (Table I), we believe that the drugs thiouracil and thio- 
barbital which have been employed over the longest period of time have had 
their effective doses well established—thiouracil 0.6 Gm. and_thiobarbital 
50 mg. daily. The drug which we now employ to the exclusion of the other 
two, propyl thiouracil, coming as it has after the other two, has only recently 
had its dosage in comparable effectiveness established. The factor of in- 
adequate dosage was early responsible for the poor response of some of our 
patients, and because of the inadequate doses administered, may be respon- 
sible for the assumption that there are no complications from the use of propyl 
thiouracil. The dose which was originally suggested, 75 to 125 mg. daily, 
in preparing patients with hyperthyroidism for surgery was entirely inadequate 


573 

















LAHEY AND BARTELS Annals of Surgery 


to prepare these patients and when they came to surgery they were not entirely 
free from hyperthyroidism. It was not until the dosage was increased to 200 
to 225 mg. daily that full control of hyperthyroidism was accomplished, 

Since most of the patients to whom we administer these metabolism- 
depressing agents are receiving it in preparation for thyroidectomy, it is im- 
portant to be able to estimate with reasonable accuracy when their metabolic 
rate will reach normal and when they will be ready for operation. With the 
shortage of hospital beds and since many of these patients live at a consider- 
able distance from the clinic, we must be able with reasonable sureness to 
predict when the patient is to return to the hospital, free from toxic symptoms 
and with a normal or practically normal basal metabolic rate, for subtotal 
thyroidectomy. 

This prediction is based upon what are now some quite soundly estab- 
lished facts. When a patient is upon an adequate dose of thiouracil, thio- 
barbital or propyl thiouracil, thyroxin will no longer be manufactured, and 
although these drugs will abolish the synthesis of thyroxin, they have no 
effect whatever upon the thyroxin which is already synthesized and stored. 
From this it can be seen that the time required to bring the elevated metabolic 
rate to normal depends upon the amount of already synthesized thyroxin in 
storage. 

The time required to bring the elevated basal metabolic rate to normal, 
in our experience, is determined from the following factors: the type of thyroid 
disease—primary hyperthyroidism or adenomatous goiter ; the duration of the 
disease and whether or not iodine had been taken previously. Patients with 
primary hyperthyroidism who have had the disease nine months, or less, and 
have not taken iodine have a daily drop of 1.3 in the basal metabolic rate; 
if iodine had previously been taken, the drop is 1 per day. If the hyper- 
thyroidism is over one year in duration, irrespective of iodine, the drop is 
I per day. 

Patients with toxic adenomatous goiters, particularly those who have 
been treated with iodine before preoperative preparation, require a much 
longer period of time to restore the basal metabolic rate to normal because 
these glands, with their large store of thyroxin-laden colloid, have greater 
reserves of thyroxin. In this type there will be a drop in the metabolic rate 
of approximately 0.5 per day. The longest time we have given these agents 
to bring the basal metabolism to normal was 180 days in a patient with a large, 
toxic adenomatous goiter who had been receiving iodine for a long period of 
time before preparation for surgery. Treatment to be satisfactory must be 
individualized. 


WHICH OF THE THREE DRUGS, THIOURACIL, THIOBARBITAL OR PROPYL 
THIOURACIL, IS THE MOST SATISFACTORY AND wHy? 


Now that an adequate dose of propyl thiouracil has been established, it 
can be said that all three of these agents are equally effe -tive in lowering the 
basal metabolic rate. Each reduces the metabolism as positively and with 
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equal promptness, so the choice of agent must be made solely on the basis 
of the percentage of complications associated with each agent and the per- 
centage of cases in which it is necessary to abandon the administration of the 
drug (Table Il). Of the three agents, thiobarbital is the most dangerous, 
having an incidence of complications of 28 per cent. Thiouracil is next in 
risk of complications, the incidence being 9 per cent, and propyl thiouracil 
is by far the safest, 2 per cent. 

Because of the equal effectiveness and low incidence of complications with 
propy! thiouracil, we believe that, with one exception, the use of thiouracil 
and thiobarbital, with their high incidence of complications, should be aban- 
doned and all patients treated with propyl thiouracil. The one exception to 


TABLE II 


INCIDENCE OF REACTIONS TO ANTITHYROID DRUGS 
(Operated Cases) 


Patients Treated, Reactions, 

Drug Number Number Per Cent 
ci. a 381 34 9 
IN. 6.65 8% 650500585 28 8 28 
Propyl thiouracil ........... 260 6 2 

Wh obasissiansapes 660* 


* Nine patients received both thiouracil and thiobarbital, 


TABLE III 


TYPES OF REACTION TO ANTITHYROID DRUGS 


Thiouracil Thiobarbital Propy] thiouracil 
White blood cell depression White blood cell depression White blood cell depression 
Fever Fever Fever 
Skin rash 


Swollen salivary glands 
Edema of skin 
One death—agranulocytosis No deaths No deaths 


this statement is the occasional case under treatment with propyl thiouracil 
in which a complication arises; one may substitute thiouracil for propyl 
thiouracil and finish the preparation without further complications. Thio- 
barbital, with its high percentage of serious complications, more than one in 
four, should be abandoned. 


WHAT ARE THE COMPLICATIONS, HOW ARE THEY TREATED, AND 
WHEN IS THE DRUG TO BE STOPPED? 


The complications (Table III) associated with the use of these drugs are, 
in our experience, largely associated with the first two drugs, thiouracil 
and thiobarbital, and are depression of the white blood cells, skin eruption, 
fever reactions (associated with the generalized symptoms of joint pains and 
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backache), and salivary gland enlargement. One case of pancreatic enlarge- 
ment has been reported which produced severe pain and a palpable tumor 
which required operation. With the known capacity for these drugs to pro- 
duce pancreatic hyperplasia it is well to have in mind that such a complica- 
tion might occur. 

In our experience with propyl thiouracil in preparing 260 patients for 
surgery there have been but two types of complications, and those in limited 
numbers; one patient had fever and five patients showed depression of the 
white blood cells. In four of these five patients the depression was mild and 
in one it was severe, with agranulocytosis, demonstrating the relative safety 
and desirability of this drug as compared with thiouracil and thiobarbital. 

Since the fatalities which have occurred during the administration of these 
drugs have been solely in those patients having bone marrow depression 
(leukopenia and neutropenia), two questions naturally arise and require an- 
swers: how often should white and differential counts be made and at what 
lowered levels of total and differential white counts is it desirable to omit 
treatment with these drugs? Also, what are the causes of the fatalities in the 
patients with agranulocytosis produced by these drugs and what treatment is 
advisable? If reports of the white and differential counts were available every 
day, one would have safe control of these patients, but this is impossible and 
hardly necessary; a count every 10 to 14 days is all that seems necessary. 
When the white blood count falls as low as 4,500 and when the granulocytes 
are found to be reduced to 45 per cent, further administration of these agents 
should be discontinued or carefully scrutinized. 

Fatalities in the group of patients with low leukocyte and granulocyte 
counts are the result of the occurrence of infections of a severe character and 
serious nature at a time when the depressed bone marrow is unable to produce 
an adequate number of granulocytes with which to deal effectively with the 
infections. As a result of having dealt with a number of these agranulocytic 
states, in which early in our experience one fatality occurred, we have learned 
that penicillin is the sole agent upon which one can place dependence, acting 
as it does to control the infection, while by omission of the drug, thiouracil 
thiobarbital or propyl thiouracil, the bone marrow is permitted to regain its 
function. Because of this we urgently stress to patients the necessity of re- 
porting promptly the development of sore throat or any other type of infec- 
tion. We have seen no benefit from the use of vitamin B, (pyridoxine) or the 
use of liver extract in patients with agranulocytic states resulting from one of 
these three drugs. At the earliest possible discovery of an agranulocytic state, 
the omission of the drug is essential, with the prompt employment of large 
doses of penicillin intramuscularly and by throat spray. 


SURGICAL DISADVANTAGES OF THE THIOUREA GROUP OF DRUGS 


Since this group of drugs, while lowering the basal metabolic rate to 
normal, still leaves the thyroid gland in a state of hyperplasia, it is obvious 
that, as was the complaint of every surgeon who operated upon hyperthyroid 
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patients prepared solely with one of these drugs in the presence of such hyper- 
plasia, operating conditions would be unfavorable, whiich is distinctly an 
understatement of fact—they were, in fact, almost impossible. Until we had 
learned how to bring about involution of these hyperplastic glands with iodine 
we know of no operation which was more technically distressing than that of 
subtotal thyroidectomy in a patient with primary hyperthyroidism whose basal 
metabolic rate had been brought to normal. All the advantages of operating 
upon a patient freed from his toxicity were more than offset by the technical 
difficulties encountered—friability of the gland, uncontrollable bleeding and 
inability to obtain satisfactory anatomic exposure. By the plan of omitting 
the thiouracil or propyl thiouracil for the last week of treatment and admin- 
istering iodine for the last three weeks of treatment, these disadvantages are 
completely. overcome. 

Except in those patients with dangerous states of thyroid toxicity (crisis) 
or with dangerous complications (cardiac failure) an estimate is made on the 
basis of the data already discussed of the period of time necessary to admin- 
ister propyl thiouracil in order to bring the basal metabolic rate to normal. 
This period is divided into weeks and the patient given propyl thiouracil, 
100 mg. every 12 hours, up to the last week, during which week the drug is 
omitted. It is omitted for the last week because its effect will be maintained 
for that period of time and, more important, we have seen agranulocytic 
effects appear up to a week after the withdrawal of the drug, and we wish to 
avoid even the remote chance of such an occurrence at the time the patient 
is ready for operation or immediately after the surgical procedure. We had 
thought it undesirable to combine the administration of these thiourea drugs 
with the simultaneous administration of iodine because it was feared that 
iodine would lessen their metabolism-lowering effectiveness and prolong the 
period of time necessary to bring*the metabolism to normal. The latter as- 
sumption has not proved to be true, as shown by recent experiences, and now 
the plan of therapy has undergone modification in that, in addition to the two 
groups of cases already cited, patients in thyroid crises and patients with 
severe hyperthyroidism and heart failure, all patients with primary hyper- 
thyroidism now receive propyl thiouracil and iodine simultaneously. The 
addition of iodine has prolonged the response to therapy of the group who had 
a 1.3 drop in the basal metabolic rate, now, the response of all patients with 
primary hyperthyroidism is a drop of 1 in the basal metabolic rate a day. 
This modification was brought about by the fact that we have seen patients, 
especially those in dangerous states of hyperthyroidism, get worse during their 
first week of treatment when on thiouracil or propyl thiouracil alone. Al- 
though we know the metabolism-lowering effect of iodine upon the thyroid 
is ultimately less positive and dramatic, its immediate effect is more prompt. 
The two drugs are now given from the first day of treatment and continued 
in combination throughout the entire period of preparing these patients for 
operation. It should be mentioned that patients with adenomatous goiters do 
not require iodine therapy. 
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HOW LOW SHOULD THE METABOLISM BE REDUCED? 


While it is not of great importance, it is of value to call attention to the 
fact that occasionally patients who have been prepared for surgery over a 
considerable period of time with these drugs may report for operation 
with low metabolic rates and in varying degrees of myxedema. Two features 
of this state and their relationship to possible postoperative difficulties are 
worth keeping in mind; one is that every patient upon whom a subtotal 
thyroidectomy is done will have varying degrees of postoperative edema of the 
larynx which, if superimposed upon some myxedematous infiltration of the 
larynx and cords which occurs in patients with marked hypothyroid states, 
will result in difficulty with breathing owing to a temporarily inadequate air- 
way. It is also well to call attention to the fact that patients in these hypo- 
thyroid states are particularly sensitive to morphine, causing a depression of 
the respiratory rate, and that the combination of these two undesirable states 
can and has made it necessary for us in one case to perform a tracheotomy; 
had we operated upon this patient in a normal instead of a minus metabolic 
state, a tracheotomy would have been avoided. 


WHICH PATIENTS SHOULD BE TREATED PREOPERATIVELY WITH THESE DRUGS? 


Our early preoperative use of these drugs was limited to patients having 
severe hyperthyroidism (35 per cent of the total hyperthyroid patients), many 
of whom had complicating diseases. More recently, because of the lessened 
incidence of reactions to propyl thiouracil, an increasing number of patients 
are now receiving this type of preoperative therapy, and in the future per- 
haps most patients will be so treated. We realize, however, that Lugol’s 
solution alone is very effective as a preoperative measure in patients with mild 
primary hyperthyroidism. A high percentage of patients with adenomatous 
goiters has from the onset been prepared with these drugs since patients with 
this type of hyperthyroidism make up a large percentage of the increased 
risk cases and little or no benefit is to be expected in these cases from the 
administration of Lugol’s solution. As many patients must now wait for 
weeks before a hospital bed is procured, it seems wise to give treatment even 
to the less toxic patients so that on their admission to the hospital for 
thyroidectomy the hyperthyroidism is fully controlled and risk of thyroidec- 
tomy abolished. 

Patients with severe, complicated hyperthyroidism are bound to benefit 
most from therapy since, irrespective of the type of complication, these 
patients can now be restored to a no-risk status. There were 115 thyrocardiacs 
among the 660 patients treated. Before the use of these new drugs, thyroidec- 
tomy was undertaken in thyrocardiac patients with great risk, the operative 
mortality being 6.7 per cent. There was but one death (the only one in the 
660 patients—see Table IV) on the second postoperative day as a result of 
coronary disease. This patient appeared well but died suddenly after having 
recovered from the immediate effects of the operation. This one death evi- 
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dences a great saving in life when compared with the estimated mortality in 
the past of eight deaths in a similar group of thyrocardiacs. 

Eight patients were in the various trimesters of pregnancy and in these 
patients preoperative treatment was carried out in the usual way without con- 
cern for the pregnancy. All had thyroidectomy without incident and the preg- 
nancy proceeded normally with each patient delivering a normal baby. 

There were ten children under the age of 15, all with severe primary hyper- 
thyroidism, who received treatment, giving full doses of the antithyroid drug 
(200 mg.), identical to the dosage employed in the older patients. The re- 
sponse to treatment followed the usual predictable pattern until there was full 
control of hyperthyroidism, at which time subtotal thyroidectomy was under- 
taken, without reaction. 


TABLE IV 
OPERATIVE MORTALITY—THYROIDECTOMY 


(Preoperative Antithyroid Treatment) 


Total erpnabee OF GROWS. 5.6 <:6-ccc cv cccccnecses 660 
Postoperative deaths (2nd day postoperatively, 

OO BI o cde bh ack enws MAuwewscs 1 
PE ID inv an in 5e Kadeens as cnaeeces 0.15% 


There were four patients with psychoses (either primary or secondary to 
hyperthyroidism) who received treatment with striking ease and great benefit. 
These patients had mental conditions which would seem to contraindicate 
thyroidectomy, but improvement was sufficient in all cases to permit thyroidec- 
tomy under ideal conditions. 

The 26 patients who had associated diabetes were also aided by this 
treatment. In some the diabetes became latent and, of those requiring insulin, 
the amount of insulin was reduced and the glycosuria was less difficult to 
control before and immediately after thyroidectomy. 

The use of thiouracil, thiobarbital and propyl thiouracil has permitted a 
change in the approach to the treatment of diseases complicating hyperthy- 
roidism. Before the era of these drugs the policy was to treat the hyperthyroid 
condition first and then the complicating disease. Now the hyperthyroidism is 
placed under control and then, if necessary, the complicating disease is treated, 
followed by thyroidectomy. One patient with frequent, recurring gallstone 
colic and one patient with thrombocytopenia were treated in this. way. The 
latter case would have represented a serious problem since splenectomy, with- 
out control of the hyperthyroidism, would have been done with great risk 
and the danger of doing a thyroidectomy in the presence of extremely low 
platelets would have been equally great. 


WILL THESE DRUGS BE A SUBSTITUTE FOR THYROIDECTOMY? 


As already mentioned, the microscopic studies of the thyroid tissue re- 
moved at operation in patients receiving these drugs without the simultaneous 
use of iodine did not reveal regressive changes but there was a tendency 
toward increased hyperplasia of the thyroid gland. It was, therefore, con- 
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cluded that since the thyroid gland remained hyperplastic and, as observed 
clinically, the thyroid did not decrease in size, permanent cure of hyperthy- 
roidism is not to be expected from the administration of these agents. We 
have had prolonged experience with 21 patients with primary hyperthyroidism 
who received thiouracil, until the hyperthyroidism was controlled, and obser- 
vations were continued after withdrawal of the agent to determine their clin- 
ical course. All the patients had primary hyperthyroidism; 11 had recurrent 
primary hyperthyroidism. Treatment with thiouracil was begun in all pa- 
tients with a dose of 0.6 Gm. daily ; in some it was continued at this dosage up 
to the time of its withdrawal and in others the dose was gradually decreased as 
improvement was noted. Thiouracil was administered for as long as 20 
months in one case. The shortest period of treatment was two months. After 
the withdrawal of the drug, eight patients have remained in remission and 13 
patients have suffered a relapse of hyperthyroidism. 

An analysis of the two groups of patients, those with relapse and those 
remaining in remission, revealed that the duration of administration of thio- 
uracil after restoration of the basal metabolic rate to normal was not a factor 
in determining the duration of remission that followed since prolonged remis- 
sions occurred after short therapy and prompt relapse was observed after pro- 
longed treatment. The eight patients still in remission had mild hyperthyroid- 
ism, with only slight enlargement of the thyroid gland, or small recurrent 
remnants. Those who had relapses had moderate to severe hyperthyroidism 
with large thyroid glands or large recurrent remnants. These observations 
indicate that thiouracil or its allied drugs have little to offer from a curative 
standpoint in cases of severe hyperthyroidism but that in mild hyperthyroidism 
with slight thyroid enlargement they may cause a remission similar to that 
which has been observed following the administration of Lugol’s solution, or 
remissions which at times occur spontaneously. Since the basic etiologic fac- 
tor which causes hyperthyroidism is still undetermined and as thiouracil prob- 
ably does not affect this factor along with its known effect on the thyroid 
cells (hyperplasia), it can hardly be expected that thiouracil produces more 
than a temporary remission of the disease. Since the risk of thyroidectomy is 
now so small, one death in 660 cases, as there is always a risk of developing 
sensitivity to the drug in spite of continuous observation, and as no great 
promise of permanent cure from these drugs can be held out for patients with 
severe degrees of hyperthyroidism, we believe that thyroidectomy following 
proper preparation is the treatment of choice in hyperthyroidism. 


CONCLUSIONS 


Experience with the preoperative use of thiouracil, thiobarbital and propyl 
thiouracil in 660 cases of hyperthyroidism during the last three and one-half 
years has permitted answers to certain questions regarding these drugs. These 
drugs act by preventing the synthesis of an active thyroid hormone and by so 
doing lead to an increase in hyperplasia of the thyroid gland, an hyperplasia 
similar to, but greater than, that in primary hyperthyroidism. If these drugs are 
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used in adequate doses over a sufficient length of time no patient will fail to 
obtain restoration of the basal metabolic rate to a normal level. The compara- 
tive dose of thiouracil, thiobarbital and propyl thiouracil is 600 mg., 50 mg. 
and 200 mg., respectively. 

Since the percentage of reactions is mine for thiouracil, 28 for thiobarbital 
and two for propyl thiouracil, the last named agent is the drug of choice. Since 
propyl thiouracil may also cause depressive changes in the white blood cells, 
its administration must be carefully followed with white and differential blood 
counts made every 10 to 14 days during treatment. The treatment of agranu- 
locytosis consists of the early administration, intramuscularly and by nasal and 
throat spray, of adequate doses of penicillin. 

The time required to restore the basal metabolic rate to normal for com- 
plete relief of all hyperthyroid signs and symptoms can be estimated from the 
type of hyperthyroidism, primary or adenomatous, duration of hyperthyroid- 
ism, whether iodine has previously been received, and the size of the thyroid 
gland. Rapid response occurred in patients with primary hyperthyroidism of 
short duration without previous administration of iodine (1.3 per cent drop in 
the basal metabolic rate per day), and slow response occurred in patients with 
adenomatous goiter when iodine had been administered previously (0.5 per 
cent drop in the metabolic rate daily). From this information, an individual- 
ized program of adequate treatment can be outlined and hospital reservations 
can be made in advance. Over-treatment with these agents must be avoided 
since myxedema will result which may increase the surgical risk. 

The surgical disadvantage of these drugs in cases of primary hyperthyroid- 
ism—increase in vascularity and, therefore, great technical difficulty in carry- 
ing out the thyroidectomy—has now been overcome by the use of iodine. 
Initially, iodine was given during the three-week period before operation but 
now both drugs are given simultaneously from the start of treatment. The 
time required for control of hyperthyroidism has not been prolonged and with 
the rapid immediate benefit from iodine, patients seem to show improvement 
much sooner than on the plan of giving thiouracil only at the beginning of 
treatment and adding iodine at the end of therapy. 

Initially, only severely hyperthyroid patients were treated preoperatively 
with these drugs, but now since propyl thiouracil, which has such a low sen- 
sitivity rate, is available, we are preparing an increasing number of hyperthy- 
roid patients with this drug. Patients with very mild hyperthyroidism, how- 
ever, are still prepared with Lugol’s solution alone. 

These antithyroid drugs do have the capacity to produce prolonged remis- 
sions of mild primary hyperthyroidism, as does iodine at times, but little hope 
can be held for a permanent remission in patients with severe primary hyper- 
thyroidism with a large gland. Since the mortality of thyroidectomy is now 
almost nil, surgical removal after proper preoperative treatment seems to be 
the treatment of choice for hyperthyroidism. 





Lahey Clinic 
Boston, Mass. 


581 








USE OF THYROID EXTRACT WITH THIOURACIL IN THE 
PREPARATION OF THE THYROTOXIC PATIENT* 


A PRELIMINARY REPORT 
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AND THE DEPARTMENT OF SURGERY, OCHSNER CLINIC, NEW ORLEANS, LA. 


THE INTRODUCTION of thiouracil placed in our hands a valuable drug for 
the treatment of the thyrotoxic patient. Opinions still differ as to its useful- 
ness in definitive therapy but its advantages in the preparation of these 
patients for operation are now generally recognized. However, it soon became 
evident that the drug has certain disadvantages. Chief among these are the 
length of time required to prepare the patient,' the dangerous side-effects 
sometimes encountered and, lastly, vascularization, hypertrophy and hyper- 
plasia of the gland? which make thyroidectomy technically difficult. This is a 
preliminary report of an attempt to prevent these undesirable changes in the 
gland itself and, thus, reduce the technical difficulties during the operation. 
It is also hoped that this method will shorten the time required for preopera- 
tive preparation of the patient. 

The hyperplastic changes produced by the administration of thiouracil 
may have more than one disadvantage. Not infrequently, the size of the gland 
increases considerably during this therapy and the microscopic appearance is 
such that at times the pathologist has difficulty in differentiating it from 
malignancy. All of which has led Hinton and Lord* to warn against the use 
of thiouracil in nodular goiter because of its possible carcinogenic effect, 
where malignancies already tend to occur. One investigator! has been able 
to produce invasive tumors in animals by giving thiouracil and a carcinogen, 
but no such results were obtained when one was given without the other. 

The increased vascularity and friability brought about by thiouracil was a 
distinct disadvantage to the surgeon and means were sought to prevent this 
effect from the drug. As a result, at some stage of preparation of the patient 
iodine is now given because of its involutionary effect. One group of inves- 
tigators® believes that iodine can diminish the hyperplasia of the secretory cells 
even though given at the same time as thiouracil. It is the consensus, how- 
ever, that under such circumstances the response is delayed and preparation 
somewhat prolonged. In my experience thyroid glands prepared in this way 
have been only slightly less vascular than those treated with thiouracil alone, 
unless the preparation is thorough and prolonged. This difficulty can be 
remedied if iodine is given ten days or two weeks after thiouracil has been 


* Read before the 58th Annual Session of the Southern Surgical Association, Hot 
Springs, Va., December 10, 1946. 
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discontinued. This produces a satisfactory gland but adds to the time required 
for preparing the patient for operation. 

The mechanism by which hyperplasia is produced by thiouracil and other 
goitrogens is now moderately well understood. In experimental animals this 
effect of the drug can be abolished by hypophysectomy or the administration 
of thyroxin.® 8 Iodine does not produce the same result." For this 
reason, it is postulated that the circulating thyroid hormone acts as an inhib- 
itor on the pituitary, particularly, as far as the production of the thyrotropic 
factor. If a goitrogen is administered, a prompt fall in the circulating thyroid 
hormone ensues; this removes its inhibitory influence on the pituitary gland, 
which, in turn, responds by increased production of thyrotropic hormone.” ® 
The latter is believed responsible for the hyperplastic changes in the thyroid 
gland (Fig. 1). 










_—— CED Pituitary Bland 


Circulatin 
thyroxin 


™.Stimulates 
Thyrotropic hormune 


: Ayroid dland 


Action of Thiouracil 


Fic. 1.—Schematic representation of the probable mechanism of the production of hyper- 
plastic changes in the thyroid gland following the administration of thiouracil. 


On the basis of the reasoning in the preceding paragraph, thyrotoxic 
patients were prepared for operation by the administration of both thiouracil 
and desiccated thyroid. Williams and Clute’® instituted this regimen in a few 
patients but apparently it was directed at the exophthalmus. Palmer™ also 
mentions using thyroid extracts to prevent hyperplasia but gives no results 
except to state that the administration of thyroxin was found to have no 
appreciable inhibiting effect on the action of thiouracil in lowering. the 
metabolic rate. 

Six patients with classical signs of exophthalmic goiter were prepared for 
operation by the administration of thiouracil and desiccated thyroid extract. 
Considerable loss of weight, tachycardia and elevated metabolic rates were 
evident in all six patients. The average basal metabolic rate on admission for 
these patients was plus 58. Varying degrees of enlargement of the thyroid 
gland were present. Thiouracil (0.2 Gm.) was administered three times a day 
to all patients, and with each dose desiccated thyroid (1 gr.) was also given. 
In most instances the medications were started on the same day, but in no 
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case was administration of the thyroid begun longer than one week following 
the initial dose of thiouracil. These patients received no iodine, as such, 
at any time. 

The preoperative course in each case was satisfactory and was thought to 
be no different from that of patients who received thiouracil and iodine. A 
possible exception to this statement was the response shown by the pulse 
rate but this was hardly significant enough to warrant a definite conclusion 
except in one instance. This was a middle-aged woman who responded satis- 
factorily, but the pulse rate decreased more slowly than usual, and following 
operation pronounced tachycardia persisted for two days. In some instances 





Fic. 2—Photomicrograph of glands removed from two of the patients treated with both 
thiouracil and desiccated thyroid, but no iodine. Note the large amount of colloid. (x 90) 


s 


the thyroid gland became much smaller in size. The average number of days 
required for preparing these patients was 39. 

Thyroidectomy was performed upon every patient. The technical dith- 
culties of the operations were not great. About half of the glands seemed to 
be no more vascular than those treated in the conventional way with thiouracil 
and iodine. In the other three cases the gland was perhaps a little more 
vascular but this was not as great as in those patients whom we prepared by 
giving thiouracil and iodine at the same time. The postoperative course was 
uneventful except in the one patient referred to earlier. 

Microscopic examination of the removed glands showed satisfactory invo 
lution in all (Fig. 2). There was a noticeable increase in colloid, definitely 
more than is found in untreated exophthalmic goiter, which is usually more 
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than is found after treatment with thiouracil. The height of the epithelium 

was never great, although in some instances there were patches of residual 

hyperplasia sometimes involving only a small tuft in the acinus. It was felt 
that with more prolonged treatment even this residual hyperplasia would have 
disappeared. 
SUMMARY 

Desiccated thyroid was given in conjunction with thiouracil to six patients 
with exophthalmic goiter, in an attempt to bring about involution of the gland 
while the patient was being prepared for operation. The pre-operative and 
postoperative courses were like those noted when thiouracil and iodine are 
used, except for tachycardia in one patient. Microscopic examination of the 
removed tissue showed satisfactory involution in all cases. “The ‘vascularity 
of the glands presented no technical problem for the surgeon but the glands 
were probably not quite as avascular as those treated with thiouracil and 
then iodine. It is believed that the use of desiccated thyroid offers a satisfac- 
tory adjunctive method of preparing thyrotoxic patients for operation. 
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Discuss1on.—Dr. Emer C. Bartets, Boston, Mass.: Doctor Lahey has asked me 
to limit my discussion to the impressions of the internist regarding the use of these 
drugs as permanent medical treatment. The objection to their use should not be based 
solely on the grounds of possible reactions which may follow their use, since I expect 
that some new drug will be discovered which will have a low toxic incidence, which 
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requirement propyl thiouracil very nearly fulfills. The objections seem to be more 
fundamental and can be considered from the pathologic and clinical standpoints. I think 
there are three or four objections pathologically. First, patients with adenomatous 
goiters should not be treated with these substances over long periods of time, since there 
is definite danger of. malignant degeneration. Second, in primary hyperthyroidism the 
hyperplasia which is initially present is increased, so that when the drug is withdrawn 
the stage is set for a return of hyperthyroidism. Third, the thyroid gland does not 
decrease in size, although some observers have thought that it does. Certainly, the bruit 
and thrill remain, and in some instances become accentuated. Fourth, malignant changes 
might develop in the primary hyperplastic gland, although this, at the present time, is 
still under discussion. From the clinical standpoint, sustained remission after withdrawal 
of thiouracil treatment has not been very promising in our experience. Thirteen patients 
were treated over varying periods of time, over a year in some instances. Irrespective 
of the length of time, all patients had relapses of the disease. They all had severe 
hyperthyroidism, with large thyroid glands or large thyroid remnants. Eight patients 
after withdrawal of treatment have had remissions irrespective of duration of treatment. 
All had mild hyperthyroidism, with small thyroid glands or small remnants. Most of 
these patients would probably have reacted similarly to Lugol’s solution. 

We are at the present time seeing an increased number of patients suffering from 
relapse of hyperthyroidism to whom thiouracil had been administered before they came 
to the clinic. Some of these patients could ill afford the effect of delay and uncertainty 
of thiouracil as a medical therapy and the visceral strain which accompanied recurrent 
hyperthyroidism. We believe our responsibility to the hyperthyroid patient is one of 
restoration to health in the shortest possible time and with the least risk, and that these 
antithyroid drugs, when properly used, with subsequent thyroidectomy, give the patient 
the best chance of obtaining this end. 


Dr. Ropert L. Payne, Norfolk, Va.: A single surgeon operating in a small com- 
munity cannot enjoy the privileged experiences of a large clinic. Yet I have been using 
thiouracil and propyl thiouracil for about two and one-half years. 

Last December I reported the result of 45 cases treated with thiouracil, in five of 
whom leukopenia developed and was treated by withdrawal of the drug and administra- 
tion of penicillin. All recovered. We continued the use of thiouracil until about 
six months ago when propyl thiouracil became available. We have now used this in 
about 15 cases and have seen no toxic effects. Interestingly enough, some patients who 
showed leukopenia from thiouracil before we got propyl thiouracil, had no bone marrow 
reaction whatsoever after being put upon propyl thiouracil. 

I particularly arose to take part in this discussion because the carcinogenic effects of 
thiouracil have been pointed out and, as Doctor Bartels said, these drugs should not 
be used in the nodular type of goiter lest carcinoma be produced in the adenoma. I have 
had one case whom I treated with thiouracil that showed carcinoma. Stained sections 
of tissue were submitted to several outstanding pathologists of this country and _ all 
unanimously agreed that the sections showed carcinoma. A report of this case was 
written up carefully and conservatively, with no implication that the drug produced the 
carcinoma. The report of the case, together with photomicrographs, was submitted to 
one of our best surgical journals, and publication of the report was declined. Excerpts 
of the opinions of five of the editorial board were sent to me, and I agree with them 
entirely. Their opinions were based on the supposition that the report would create a 
bad impression and deter the use of the drug in toxic hyperthyroidism. Up to that time 
there had been no cases reported in the literature following the use of thiouracil. There 
was one case reported in a discussion on this subject before one of the pathological 
societies, but this was never reported in detail in any publication. Accordingly, I feel 
that this case of mine should also be recorded. 

The patient was a woman, age 34, with a typical syndrome of hyperplastic hyper- 
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thyroidism. She was treated with thiouracil 0.6 Gm. daily, and the basal metabolic rate 
came to normal in about six weeks. She was then given iodine for about ten days and 
bilateral subtotal thyroidectomy was performed. When the tissue removed was studied, 
there was an area of carcinoma, about 3 mg. in size, located in the center of both 
removed lobes. This was not a nodular goiter and was strictly an hyperplastic type. One 
could easily assume that this patient had carcinoma in the center of both lobes of the 
thyroid before thiouracil was administered. Yet, one must think in terms of carcinogenic 
stimulant, since in the tissue removed from this patient there were no adenomata, the 
areas of carcinoma were located in the middle of each removed lobe, and the area 
involved was very small. 

The patient has remained entirely well since operation, and we have never consid- 
ered this situation to be one of primary carcinoma. Up to this time, we have not given 
her any postoperative roentgen ray therapy, In view of the fact that attention has been 
called to the carcinogenic properties of this group of drugs, I feel justified in relating 
to you the above-described case of carcinoma, but do not feel that one case would justify 
any definite implications against the drug administered. 


Dr. Harotp L. Foss, Danville, Pa.: All of us interested in the problem of hyper- 
thyroidism and its treatment are grateful to the three essayists for what they have told us 
regarding their experiences in the use of these new and remarkable drugs. 

In discussing thiouracil with my staff I recently remarked that, because of severe 
complications following the use of this substance, the government must soon remove it 
from the market, and, therefore, was interested in hearing Doctor Lahey make something 
of the same statement. While it is almost specific when properly used, and with the 
patient under observation, it is a dangerous drug and possesses unpredictable potencies. 
Our incidence of agranulocytopenia has been high, with about 30 per cent of cases showing 
leukopenia. We have refused to accept patients unless they came regularly to the labora- 
tory every ten days for a blood count or arranged to have it performed by their own 
physicians, who were prepared to report promptly to us any change in the white cells. 
Such complications, of course, are a thing of the past now that we have propyl thiouracil. 
As Doctor Bartels stated, there may yet be some other antithyroid drugs synthesized that 
will eliminate the 2 per cent of complications characteristic of propyl thiouracil. I was 
glad to hear Doctor Lahey state that we are now safe in using propyl thiouracil 
routinely in all cases of hyperthyroidism and as a preoperative measure. 

May I refer for a moment to a group of patients who are benefited by propyl thio- 
uracil and thyroidectomy, and about whom but little has been written. I refer to those 
patients with “exophthalmic goiter” yet without goiter. These patients are not problems 
so much of therapy as of diagnosis. In a review of 3,000 consecutive patients operated 
upon by the speaker, we found that approximately 8 per cent with definite hyperthyroid- 
ism had no goiters, or had glands that, when resected, weighed less than the 30-40 Gm. 
usually considerad as normal in weight and size for adults. 

A recent group of 96 consecutive patients with advanced hyperthyroidism and 
without thyroid enlargement, was studied. All had glands, on resection, weighing less 
than that of the normal adult thyroid. The average weight was 23 Gm. The average age 
was 38; the average duration of symptoms was slightly over 12 months. Many had been 
treated as heart cases and for years. Many had been on digitalis interminably. All had 
the classical evidences of hyperthyroidism except for the presence of goiter. 

(Slides were shown of a number of illustrative patients with advanced hyperthy- 
roidism, with markedly elevated basal rates, exophthalmos, sinus tachycardia, etc., yet 
without goiters.) These patients constitute an important group of toxic thyroid cases, 
patients who may readily be cured following propyl thiouracil treatment and thyroidec- 
tomy, yet are frequently overlooked because of the absence of a goiter. 


Dr. Howarp Manorner, New Orleans, La.: It would be an obvious advantage if 
patients could be prepared in a short period of time and brought to the same stage of 
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safety as if they were prepared over a long period of time. In 44 patients operated upon 
on my service since preoperative thiouracil and iodine in combination were used, 15 
had a basal metabolic rate of over 50; eight were over 75, and one had an initial basal 
metabolism of +100. All were prepared and operated upon in three weeks. No stage- 
operations were done, and there was no mortality. One was operated upon when she 
had a metabolic rate above +50. This means that after the use of thiouracil and iodine 
the criteria of operability is entirely different from that when iodine alone is used. 
A patient with a rate of +35 after treatment with thiouracil and iodine is probably in 
the same risk-stage as a patient with +20 prepared with iodine alone. It may be 
possible to prepare many of these patients quickly in a short period of time with safety 
and yet without the necessity of waiting for the basal metabolism to reach an absolute 
normal. I realize that this is a small group upon which to base this conclusion, but it 
brings up this possibility which may be worth consideration. 


Dr. WarRREN H. Cote, Chicago, Ill.: When the antithyroid drugs were introduced, 
most of us, including surgeons, were interested in the question as to whether or not 
patients with hyperthyroidism would be removed from the practice of surgery. Although 
I am convinced that hyperthyroidism should be eliminated before thyroidectomy is per- 
formed, I am of the opinion that thyroidectomy will be indicated in the great majority 
of cases; thyroidectomy will be unnecessary in only a small portion of cases. In a small 
series of about 30 cases followed by us at Illinois Research Hospital, longer than eight 
months after cessation of six to eight months drug therapy, we noted that almost 50 
per cent have shown no evidence of recurrence. Offhand, that appears favorable, but | 
suspect this impression is erroneous, because if we wait long enough many will come 
back with recurrences. In general, the recurrences occur in those who had great toxicity, 
and the good results in those with mild toxicity and small glands. In reality this was 
a picked group, insofar as it contained a large number of patients with mild toxicity. 

In patients with nodular goiter I believe there is a distinct danger of development 
of carcinoma if the goiter is left in place year after year. A recent study we made at 
Illinois Research Hospital revealing a much higher incidence of carcinoma in nontoxic 
nodular goiter than in toxic nodular goiter, has led me to this fear. 

In closing, I want to make a plea that we not consider the thyroid problem as being 
solved, and not forget all the things we have learned the hard way in the last two decades. 
Twenty-five years ago the operative mortality was as high as 4 to 6 per cent, but it is 
now less than 1 per cent. It dropped because we applied an improved knowledge of 
physiology to our treatment. I want to call attention particularly to the necessity of 
improved nutrition as a prerequisite in preoperative preparation. Hyperthyroid patients 
must show a gain in weight before operation can be considered. The patient who comes 
to the hospital in crisis cannot be relieved by antithyroid drugs. Until the day «arrives 
when a drug is found which will neutralize the thyroid hormone, we will have to struggle 
along in these patients with crisis with the knowledge possessed before antithyroid drugs 
were introduced. Until such a drug is found that patient will remain a problem; for this 
reason alone, we must not discard all the knowledge it has taken us two decades to 
accumulate. 

However, I do wish to congratulate Doctor Astwood, and his associates, for their 
epochal and most valuable contribution to the problem of hyperthyroidism. 


Dr. WiLtArD Bart ett, St. Louis, Mo. (closing): It has been 45 years since my 
first trip to Rochester, Minnesota, on which occasion the great Will Mayo made one 
remark I shall never forget, particularly apropos to this subject. He said: “Our trouble 
is not that we do not know enough about surgery; our trouble is that we do not use 
our knowledge.” So my plea tonight is that those who are interested follow those six 
criteria of operability I threw on the screen, and if all are adopted and met satisfactorily, 
there will be practically no deaths in crisis. 


588 














Volume 125 THE THYROTOXIC PATIENT 


Number 9 


Dr. Frank H. Laney, Boston, Mass. (closing): I would like to add one or two 
points which we have learned. We have learned that it is wise to omit propyl thiouracil 
for seven or eight days before operation. We have seen agranulocytosis occur seven 
days after the last dose was given, and it would be undesirable to have agranulocytosis 
at the time of operation, during the time of wound-healing or in the presence of possible 
wound infection. For that reason we have omitted it during the last week. 

The reason Doctor Bartels was pushed into using iodine and propyl thiouracil 
together throughout the treatment was because of crises or thyrocardiac cases which 
still come to us, and he has seen such patients under thiouracil alone become worse. We, 
therefore, want something more prompt than the delayed action of thiouracil, and 
that is iodine. 

These patients can do anything during their period of preparation for the operation. 
They take it at home. They are not incapacitated. Their white cell and differential 
counts are forwarded to us by their family doctor. 

When we first began to prepare these patients for operation, we thought if we got 
their metabolic rates lowered that, while they were not normal, the patients were good 
surgical risks and we could operate upon them and so save them time. That we have not 
found to be true. The degree of thyroid reaction is something that cannot be predicted 
and we have had dangerous reactions in inadequately prepared cases so that only hemi- 
thyroidectomies could be undertaken safely. Everyone knows that an occasional patient 
who looks to be a good risk will have an unexpected reaction, and such an occasional 
patient will die. Therefore, we urge very strongly that propyl thiouracil be administered 
until the metabolic rate in these cases is completely normal. By this plan we can be sure 
that there will be no reaction and, with the complication rate as low as it is with propyl 
thiouracil, in our opinion there is no excuse to submit these patients to operation until 
all the toxicity has been completely abolished. 

The following example of such a complicated case is one that I have repeatedly 
employed. This is one of our personal friends, a woman, age 77, with a metabolic rate 
of +48, a weight loss of 35 pounds, and the presence of auricular fibrillation, moderate 
decompensation and diabetes. Under propyl thiouracil the basal rate was restored to 
normal, auricular fibrillation was abolished, compensation restored, the diabetes put under 
easy control. She was then submitted to operation and, following subtotal thyroidectomy, 
never had a pulse rate above 80. Had this patient been operated upon before being made 
completely nontoxic, it could, I believe, have been a completely different story. 

As to whether or not iodine involutes these glands perfectly, there can be no ques- 
tion. We could not have prepared 660 cases with thiouracil or propyl thiouracil and 
iodine and not have brought about satisfactory operating conditions. All of us who oper- 
ate upon these patients at the clinic have now done so many thyroid operations that if 
some of them had bled excessively or the technical difficulties had been great, we would 
immediately have heard complaints about them, and there have been none. I can assure 
you that the preparation of these patients with Lugol’s solution will so involute the 
thyroid gland that they will be as satisfactory to operate upon when prepared with propyl 
thiouracil and iodine as patients with hyperthyroidism were when they were prepared 
solely with Lugol’s solution. 


Dr. RAwLEY M. Penick, Jr., New Orleans, La. (closing) : I would like to comment 
on Doctor Lahey’s statement about involution with iodine. I think iodine will bring about 
involution. On the other hand, I have operated upon some patients given iodine simul- 
taneously with thiouracil, and the gland was vascular and friable. I think probably 
the reason for this is that the patients did not have it long enough. I think it is 
possible to get a very satisfactory gland with iodine. 
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AN EVALUATION OF PULMONARY EMBOLISM 
FOLLOWING INTRAVASCULAR VENOUS THROMBOSIS* 


Joun J. Morton, M.D., E. B. Manoney, M.D., 
AND G. B. Miner, M.D. 
Rocuester, N. Y. 
FROM THE DEPARTMENT OF SURGERY, THE UNIVERSITY OF ROCHESTER 
SCHOOL OF MEDICINE AND DENTISTRY, ROCHESTER, NEW YORK 

THE MANY VARIATIONS in the management of thrombosis and embolism 
have prompted us to review our 20 years’ experience with these conditions, 
We have compiled our statistics from the records of the Strong Memorial 
and Rochester Municipal hospitals. The protocols of the 1,752 surgical 
autopsies have been carefully analyzed. The autopsy figures are accurate, but 
we are sure that the clinical records are incomplete owing to the inadequate 
recording and filing during the war years. This will weight our statistics 
toward the fatal side. Undoubtedly, many minor pulmonary emboli have been 
overlooked, especially those with vein ligation and recovery. Our principal 
effort has been directed towards evaluating those factors which seem to pre- 
dispose to pulmonary embolism, both fatal and nonfatal. 

Age.—In studying age distribution it is apparent that fatal pulmonary 
embolus is most common in surgical patients over 50 years of age. The 6th, 
7th and 8th decades are the most unfavorable for the surgeon. The medical 
patients present a slightly earlier grouping, the majority being 40~70 years. 
This is without doubt due to the heart disease of rheumatic origin in the med- 
ical deaths in this northern part of the country (Figs. 1, 2, Table I). 

Sex.—There were no significant differences in sex distribution. 

Time of Postoperative Embolus——Approximately 80 per cent of postoper- 
ative pulmonary embolism occurs in the first two weeks (Fig. 3). 

Heart.—A factor of prime importance which stands out clearly is the 
condition of the heart. If the cardiac action is impaired by heart disease there 
is danger of a slowing of the peripheral venous circulation. Weakness of 
the cardiac muscle, incomplete valve closure, irregularities in cardiac rhythm 
may lead to congestion in the lung bases and in the peripheral circulation. 
Increased hydrostatic pressure and venous stasis offer ideal situations for the 
development of intravascular clotting. Clots form at stasis or eddy points 
wherever there is compression of the vessel wall from without, especially in 
the elderly. Patients in coma often have embolism as they lie completely 
immobile for long periods. This has a bearing on the frequency of embolism 
in brain cases. It probably accounts for a number of fatalities in the urologic 
group where uremia“is so prevalent. On the basis of autopsy figures the 





* Read before the 58th Annual Session of the Southern Surgical Association, Hot 
Springs, Va., December 10, 1946. 
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evidence shows that the heart weight is materially higher in the patient with 
fatal pulmonary embolism. Taking 400 Gm. as the upper limit of the normal 
heart, the incidence of cardiac hypertrophy is much higher among patients 
with pulmonary embolism than in the group in whom no emboli were found. 
When one considers anatomic evidence of cardiac decompensation as found at 
postmortem the differences are even more striking (Table IT). The influence 
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Fic. 1.—Age distribution of 215 cases of pulmonary embolism found in 1,752 autopsies. 


Fic. 2.—Age distribution of 1,752 autopsies in relation to age distribution of all pulmonary 
emboli and massive (fatal) pulmonary emboli found at necropsy. 
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TABLE I 
FATAL PULMONARY EMBOLISM IN MEDICAL AND SURGICAL PATIENTS 


Age Distribution 
Medicine Surgery 


Years Number Number 

Sak owas wae cams sdiak wanes eeanes os 4 0 
ia gic ank phi aban k ower ea ombmra alm 3 2 
BE isc shakes Reed Oem AS 12 12 
GPL oc nutsc cheek eared aekea 27 20 
swt cde dto seein sedan ee 31 34 
CE A coGh dca danas ea haus en aales 60 42 
PRE sc bsnsadencace hans seneebaaaseae 36 38 
Pedy sede ndsts cidade seseehease wees 5 14 

Se ee ee eee oe nT 178 162 


Includes patients who had neither operations nor clinical 
evidence of thrombophlebitis. 


of heart disease is even more strikingly evident in the clinical study of pul- 
monary embolism. Forty-one per cent of the patients who survived after one 
or more pulmonary emboli had no heart disease. Only 8 per cent who had 
any evidence of heart disease survived. No patient survived a pulmonary 
embolus who had cardiac decompensation (Table III). 
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Mobilization.—It has always been the policy in our hospitals to mobilize 
patients early. Older patients have been made ambulatory within 24 hours of 
operation whenever possible. We have been able to do this because our wounds 
usually have been sutured with silk and, thus, can withstand early strains. We 
did this as far back as 1928 with the idea of avoiding hypostatic pneumonia. 
One of our conclusions at that time was: “Mobilization of the aged patient 
without undue concern about the incision seems to be a factor of safety in 
preventing postoperative complications.”® We consider it just as important 
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Fic. 3—Day of occurrence of postoperative pulmonary embolism in 168 cases. 


to mobilize the patient in bed by means of exercises, frequent turning, hyper- 
ventilation and by encouraging him to change his position. This is not pos- 
sible in a heavily sedated patient. We prefer to have our patients on the 
uncomfortable rather than the too comfortable side. Early ambulation often 
means a short period of standing with assistance or sitting in a chair. While 
this is important it only occupies a small fraction of the day. The patient’s 
own muscular exertion is the variable that is important. 

Position—Position in bed may be a factor of importance in contributing 
to peripheral venous stasis. The common practice of propping up the knees 
by the mechanical breaking of the bed and the similar elevation of the head 
and trunk,—the so-called “jack-knife position,’—would appear to favor 
puddling at the ankles and femoral—inguinal creases, with subsequent impair- 
ment of venous return. The popliteal and femoral inguinal creases would con- 
tribute definite points of pressure on the vascular channels. All together if the 
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position be maintained for a few hours it constitutes a definite hazard. In 
contrast to this, if the lower limbs were elevated by raising the foot of the bed 
so that the limbs were about 15° above the horizontal, drainage from the ves- 
sels would be promoted, there would be an increase in the volume blood flow 
into the caval circulation, and stasis would be prevented. The head could be 
raised to a comfortable level at the other end of the bed,—a matter of 15°- 
20° usually (Fig. 4). 


TABLE II 
CARDIAC STATUS IN RELATION TO PULMONARY EMBOLISM 


1752 Autopsies 
No Emboli Small Emboli Large Emboli 
Trauma: 


Number of observations................. 235 32 14 
ee ee eee 355 370 425 
Bieettramted Meares... ...c<cccccccnccace 25% 31% 57% 
PE vane sean ee rink bes Jaa % 28% 28% 
Appendicitis: 
Number of observations................. 40 5 2 
CO I IB. 66k 5 cb sive deensas 340 365 445 
Hypertrophied hearts................... 28% 25% 2 
a alee ater iis anid a ariel ae wee 15% 20% 0 
Peptic Ulcer: 
Number of observations. ................ 69 13 2 
Re SIE PINS non Kb 6 cco carcasses 360 330 405 
i rr 22% 23% 50% 
NE dined ur cinin hae Aianeamannea tami 17% 39% 50% 
Intestinal Obstruction. 
Number of observations................. 66 10 2 
I I I 55s oc ass scecaeasne 365 350 375 
pe 27% 20% 50% 
PLC. tekken be kes aoa 20% 40% 100% 
Benign Prostatic Hypertrophy: 
Number of observations................. 74 23 19 
Mean weight of hearts. ...............6- 425 450 435 
Hypertrophied thearts..... 2... .ccccccecces 47% 57% 74% 
Wo eiv acs Shas ane se oe akan se wwaan s°: 24% 22% 53% 
Gangrene: 
Number of observations................. 46 13 7 
ee ae 380 400 420 
Hypertrophied hearts.............0.00e0% 39% 43% 43% 
PN cs nces tans Wobuaiw bes malemureen ee 13% 61% 71% 
All Autopsies: 
Number of observations................. 1432 199 121 
ee Se ion 6605.68. 0d.0neweewele 325 360 390 
By pertropiied BOOTS. oc cciecsccccrsccee 21% 28% 39% 
PRN Aa hand bbénenu kacchuounsanasaese 16% 27% 28% 


Position on the operating table may also be criticized especially in urologic, 
gynecologic and rectal operations. Here, the tendency to put patients in 
stirrups with flexed knees and hips for fairly long periods may well be instru- 
mental in starting the intravascular clots which manifest themselves as emboli 
later. It is our custom following operation where this position has been used 
to completely extend the legs at the knees and to elevate the whole limb to 
the vertical at the same time gently stroking over the veins to empty them. 

Other Factors—There are many other factors which probably influence 
intravascular clotting, such as paralytic ileus, obesity, dehydration and varicose 
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veins. We have attempted to evaluate these in our clinical studies of pulmon- 
ary embolism and their incidence is tabulated. (Table IV) An incidence of 
38 per cent of paralytic ileus in the fatal emboli may well be significant but we 
have no comparable standards for reference. We were surprised to find that 
only 10-12 per cent of our patients with pulmonary embolism had _vari- 
cose veins. 

We have found that infection is present in 75 per cent of our cases with 
embolism, whether fatal or nonfatal. By infection we refer to any type of 


TABLE III 


INFLUENCE OF HEART DISEASE ON PULMONARY EMBOLISM 


Nonfatal Fatal 
ET ee ee 41% 59% (100 cases) 
BS SE ee eee 8% 92% (98 cases) 
COPRING GOOGIRGENERBION «0.5.5.6 occ cicscecessccse 0 100% (57 cases) 


TABLE IV 
FACTORS INFLUENCING PULMONARY EMBOLISM 


112 Cases. 29 Living, 83 Fatal 





Nonfatal Fatal 
Present Absent Present Absent 
% % % % 
Niles eckd.o id aciem aed wiblaleies 72 28 76 24 
PMNEE SHOUD, nc onsecarecsecvoson 31 69 38.5 61.5 
a cota ish g aentalee) darned deka 17 83 28 72 
NINO 55605 5.6 41k. 0:6 05 ads 4-0 oan a5 96.5 18 82 
NE UU oc cbccneeacaecncaes 10.5 89.5 12 88 


bacterial invasion of the body, such as pneumonia, genito-urinary tract infec- 
tion, peritonitis, septicemia, cellulitis, wound infection, gangrene of extrem- 
ities, empyema, efc. It is by no means necessary that infection be in the 
immediate neighborhood. Infection is known to cause increased coagulability 
of the blood, and because of this is probably a potent factor in thrombosis. 
Lesions which Predispose to Pulmonary Embolism (exclusive of gyneco- 
logic conditions ).—The common lesions encountered in autopsies on surgical 
patients are presented in Table V. The gross incidence of pulmonary embolism 
is 17 per cent, while 6.5 per cent of all patients had large emboli which 
occluded one or more major branches of the pulmonary artery. All emboli 
that possibly might have originated in the right heart have been eliminated 
from this series. The patients with benign prostatic hypertrophy, uncompli- 
cated herniae, gangrene of the extremities and carcinomas of the colon and 
rectum have by far the highest incidence of fatal pulmonary embolism. 
Patients suffering from severe traumatic injuries have an average number of 
embolic episodes, but it is probably significant that almost all of the fatal pul- 
monary emboli were found in old ladies with fractured hips. It is interesting 
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that no fatal pulmonary emboli were found among those patients who died 
from complications of ulcerative colitis and esophageal carcinomas. Brain 
tumors deserve especial mention since the incidence of fatal pulmonary embol- 
ism exceeded that of the entire series. Probably none of these were suspected 
clinically. 

A summary of our clinical experience with pulmonary embolism is recorded 
in Table VI. The ratio of fatal to nonfatal embolism is highest in operations 
on the brain and genito-urinary system. It is interesting to note that the 
same proportion of patients survived pulmonary embolism after gynecologic 
surgery as they did after abdominal surgery. 


Fic. 3 


Hprestakic 


actor Constriction 









Puddling 


Usual position 





Suggested position 


Fic. 4 


Fics. 3 and 4.—Demonstrating the usual and the recom- 
mended methods of adjusting the bed. 


None of our patients are known to have survived pulmonary embolism 
after a brain operation, major amputation, or abdominoperineal resection of 
the rectum. There have been five instances of pulmonary embolism following 
ligation for varicose veins. There has been one fatality following such an 
operation. There has been one fatality by pulmonary embolism following 
bilateral therapeutic ligation for phlebothrombosis and at least one where non- 
fatal emboli have occurred following ligation. 
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Sources of Emboli—The Swiss and German investigators* ° have given 
rather conclusive evidence that the majority of the thrombi from which emboli 
occur are to be found in the legs. As early as 1934, Homans‘ pointed out the 
importance of these observations, and suggested prophylactic and therapeutic 
vein ligation in pulmonary embolism. At the present time there seems to be 
rather general agreement in this country among both surgeons and patholo- 
gists that the legs furnish the main source for the emboli. The postmortem 
examination as done in America really contributes very little to the knowledge 
of the source because of restrictions against dissecting the extremities. It is 


TABLE V 
PULMONARY EMBOLISM IN RELATION TO COMMON SURGICAL LESIONS 


1752 Autopsies 








No Embolism All Embolism Massive Embolism 
Mean Mean Mean 
Lesion No. Age No. Incidence Age No. Incidence Age Massive/All 

pt ee 55 42 10 15% 60 4 6% 55 40% 
en 65 60 16 20% 57 2 2.5% 79 13% 
Intestinal obstruction...... 77 59 13 14.5% 64 2 2% 69 15% 
| AEE eee 250 50 45 15% 55 7 2.4% 59 16% 
| SA ee ee 18 47 7 28% 52 0 p 0 0 0 
i, re 18 58 5 22% 66 1 4% 75 20% 
| ee 229 52 47 17% 70 16 6% 74, 34% 
ere ee 49 63 22 31% 70 7 10% 62 32% 
rE ee eee 76 61 13 15% 59 6 7% 55 46% 
MN is Bis soins alan ick 15 58 5 25% 67 3 15% 67 60% 
Benign prostatic hypertrophy 81 71 42 34% 74 20 16% 73 48% 
Other genito-urinary....... 47 56 11 19% 58 5 8.6% 56 45% 
Carcinoma stomach........ 62 61 16 20.5% 59 5 6% 53 31% 
Carcinoma colon and rectum 108 62 26 19% 63 13 10% 68 50% 
Carcinoma bladder........ 38 65 6 14% 63 2 5% 57 33% 
Carcinoma prostate........ 69 69 16 18.5% 75 7 8% 74 44% 
Carcinoma pancreas and 

biliary system........... 50 60 7 12% 57 4 7% 59 57% 
Been: tUGOTS. 2... saccceccs 96 43 17 14% 49 9 8% 49 53% 
Carcinoma esophagus..... 3 26 60 2 6% 71 0 0 0 0 
Other neoplasms.......... 143 55 26 15% 61 3 2% 57 12% 
Other diseases............. 63 50 9 12.5% 60 6 8% 55 67% 


apparent that fatal emboli come from the larger veins, and previous small 
warning emboli are probably an early stage of the thrombotic process in 
smaller veins. 

Neither our clinical nor our autopsy experience contributes a great deal 
to the knowledge of the source of pulmonary emboli, but indirect evidence 
makes us agree with the present-day theory. We now feel that it is unlikely 
that fatal pulmonary emboli have their origin from smaller thrombosed veins 
about an operative site. When embolism occurs from such a site, it usually 
consists of multiple small septic thrombi. When there is no evidence that the 
legs or the pelvic veins are involved, the heart is probably the source. We 
have béen amazed that patients receiving continuous intravenous therapy, who 
have many superficial veins of both arms and legs thrombosed, rarely have 


596 











Volume 125 PULMONARY EMBOLISM 


Number 5 


pulmonary emboli. The only incidence of pulmonary embolism which we 
could attribute to intravenous therapy resulted after using varicose veins of 
the leg as the only available situation for intravenous therapy. This occurred 
in a patient with extensive burns of the trunk and upper extremities. The 
introduction of blood was followed by two nonfatal emboli and a subsequent 
phlebitis. 


Case No. 216681.—-A 46-year-old electrician was readmitted to Strong Memorial 
Hospital a few minutes after receiving electrical flash burns of the face and hands. His 
clothing had caught fire and burned his arms, neck and trunk. At the time of admission 
shock had not yet become clinically evident. Examination revealed second-degree burns 
of the face and hands and extensive third-degree burns of the trunk and arms. The burns 
were treated with compression dressings, and plasma was given intravenously. After the 
fiist day, he received daily whole blood transfusions and intravenous Amigen. Because 
no arm veins were available leg veins were used for intravenous injection and at times 


TABLE VI 
PULMONARY EMBOLISM 


Type of Operation 


Dead of 
Living Fatal Other Causes 

PO TD ooo sds cnn ea@aves+scas 0 6 2 
SE Pn an ORE ae ee ee 6 32 0 
DP 55%) 250 eschewed ae webne eee 3 11 2 
EERE A x ae Dee eer ARN eee ne 15 31 7 
Abdominoperineal resection rectum..............2 0 4 4 
ESS haifa kaw ap eta aha a Sinn Whe Bsc 1 2 0 
IIR cio cal eusldes ia nasdthelasanecia’ 1 7 1 
pS ee ee eee nee ee eee ieckan 0 9 0 
RE INS Ss Seen ween eee ees cedininas ce 6 1 0 
RI act ch casa: «seca tension eed hae 8 18 0 

_  ERSR Re Ree rere <TD OE 40 121 12 


it was necessary to use varices of the legs. Thrombophlebitis developed in the right leg 
on the 1oth hospital day. On the following day he developed signs of a left pulmonary 
infarct. Three days later there was an episode of pain in the right chest. Because of the 
very extensive phlebitis, vein ligation was not considered feasible, so anticoagulant therapy 
with heparin and dicumarol was started. No further emboli occurred and skin grafting 
of the third-degree areas was accomplished without difficulty. The phlebitis had subsided 
at the time of discharge. 


THE PROBLEM 


Our present method of therapy has been based on the following impres- 
sions which we have gained from our own past experience, and that of others: 
(a) We consider clinical thrombophlebitis a dangerous situation, and it is a 
warning which should not be ignored, as there is a 25 per cent chance of pul- 
monary embolism.’ In thrombophlebitis there is a 6 per cent chance of a 
fatal outcome.’ Recently, there has been a tendency to feel that once phlebitis 
has become established there is very little danger of a thrombus 
breaking loose in the blood stream as an embolism. In our experience, we have 
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seen patients who have had repeated pulmonary emboli, some of them fatal, 
at a time when phlebitis was definitely present. We realize that the embolus 
may have arisen from the normal leg rather than from the involved one. Con- 
sequently, in dealing with this problem we believe that a bilateral ligation 
should be done. We formerly used diodrast to help us in deciding what to do, 
but this has been abandoned because we were unable to interpret venograms 
correctly, and the diodrast is perhaps irritating to the veins. (b) When there 
has been a pulmonary embolism, even though there may be no gross clinical 
involvement of the legs, this warning must not be ignored. There is a 44 
per cent chance of a subsequent embolus, and an 18 per cent chance of a fatal 
one.1 In some instances there may be minimal clinical signs which will lead 
one to suspect the involved extremity, but in others repeated examinations by 
experienced individuals have failed to elicit pain, tenderness, or a positive 
Homans’ sign. Under these circumstances we now believe that bilateral 
femoral exploration and ligation should be performed. 


Case No. 154980.—A 61-year-old woman was admitted to the Strong Memorial 
Hospital on February 9, 1944. She had a breast carcinoma for which a radical mastec- 
tomy was done on February 15, 1944. She was out of bed sitting in a chair on the 4th 
postoperative day. Her wound healed without infection. The stitches were removed on 
the 7th postoperative day. On the next day, at 1:00 P.M., she had an acute episode which 
was diagnosed as either a pulmonary embolus or a coronary occlusion. Signs of pulmonary 
infarction became definite at the right base. Repeated examinations of her legs gave no 
indication of phlebitis. She was kept in bed, and improvement was progressive until 
March 9, 1944, when she had a second episode, and an increased area of involvement in 
the right lung. She still showed no evidence of phlebitis. On the 33rd postoperative day, 
she had pain in her left leg for the first time. Under local anesthesia, both femoral veins 
were ligated above the clots which were present in each. One hour after operation she 
complained of severe pain in the left chest, became cyanotic, went into shock, and died 
shortly thereafter. Postmortem examination showed pulmonary emboli with pulmonary 
infarction. There were thrombi in the right iliac veins. Microscopic sections showed 
these to be antemortem clots. 


We are not yet convinced as to the proper treatment for the patient who 
complains of minimal tenderness in the calf, and who has not had a pulmonary 
embolus. Perhaps this would be the type of patient who would be bénefited 
by heparin and dicumarol. Our experience with these drugs has not been 
sufficient to answer this question. Barker’s! report, however, would seem to 
support this therapy. 

The rationale for the ligation of the major veins of the extremities or the 
vena cava in patients who have presented neither thrombosis nor embolic 
phenomena must next be considered. This procedure is based on the presump- 
tion that a certain percentage of such individuals will ultimately have throm- 
bosis and embolism. The therapy is regarded as a prophylaxis against such 
a complication. As there is no way of determining which side may be the 
offender, bilateral femoral ligation must be done. It is logical to make it a 
single higher ligation, namely, the vena cava, as it also covers the possibility 
of thrombosis arising in the large pelvic veins. It also gives a chance for 
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better collateral circulation as the ligation is higher. As far as we can deter- 
mine no one has considered ligation in continuity, with the chance of later 
recanalization. It is probably not done because of fear of overlooking loosely 
attached clots above the ligature. Objections to tying the normal vena cava 
are that it calls for a major-type operation, that swelling and discomfort of 
the legs are produced for an indefinite period, and that the pain of this dis- 
tention may require sympathetic blocks or sedation. Some writers claim that 
pain and inflammatory reaction are relieved by the temporary interruption of 
the sympathetics running along the vein walls. This has not been the experi- 
ence of most surgeons. No one has emphasized the fact that after division of 
a major vessel, with ligation, thrombosis is the natural healing process, the 
thrombus propagating itself up to nearest branch. This being so, the surgeon 
can have no comfort that his therapy will prove effective. The problem is 
simply transferred to a higher level if the underlying causes for the condition 
have not been corrected. We have not tied the veins on patients who do not 
show either thrombosis or embolism because we believe that it is too radical 
surgery. Too many veins would be tied unnecessarily to ward off danger 
in too few patients. 

Surgical intervention in suspected cases of phlebothrombosis is bound to 
damage the venous return from the legs in a large proportion of cases. Prob- 
ably the majority of these suspects do not actually require surgical intervention 
but, as of today, it seems impossible to evaluate the potentialities of a given 
case. In other words, surgical therapy for phlebothrombosis is unsatisfactory ~ 
but is being forced on the attending surgeon. 

The problem of phlebothrombosis can only be solved by further investiga- 
tion of the physicochemical aberrations of the venous circulation in the patient 
who is put to bed. We need more information regarding the mechanism of 
venous return from the legs; on the maintenance of venous pressure; on the 
blood clotting mechanism; and on the viscosity and the wetting power of the 
blood. Pulmonary embolism is by no means an exclusively surgical problem. 
The best position to take on any adult patient who must be confined to bed is 
that he may be a potential candidate for thrombosis and embolism. Measures 
should be promptly put into effect to minimize these possibilities. These meas- 
ures are active mobilization by means of stated exercises at stated periods; 
maintenance of cardiac efficiency if possible ; hydration; minimal sedation and 
elevation of the legs above the cardiac level. Successful prevention depends 
on active coéperation of all medical attendants as well as of the patients 
themselves. 
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260 Crittenden Blvd. 
Rochester, N. Y. 


Discussion.—Dr. ArTHUR W. ALLEN, Boston, Mass.: I would like to congratulate 
Doctor Morton on this survey of his experience because it is basic and because it coin- 
cides almost identically with our own experience at Massachusetts General Hospital, in 
an analysis of this problem made several years ago. I cannot give an account of all our 
studies in this discussion, but I want to emphasize that the management of the problem 
as a whole should be definitely divided into two categories. One is that of prophylaxis; 
in suitable cases that may be anticoagulant therapy. This is very effective but it must 
be carried out under strict laboratory control. The other method of prevention is to 
admit that, in patients with certain lesions, beyond a certain age, the chance of embolus 
is very great, and that prophylactic interruption of the deep veins of the leg is a logical 
procedure. The other chief consideration is that of treatment after thrombosis or infarct 
has occurred. 

Up to October Ist of this year we have treated by bilateral femoral vein interruption 
1,060 patients, after infarct or after definite leg signs have been noted. In five of these 
patients who had had sublethal emboli before femoral vein interruption, subsequent 
emboli produced death. In addition, in the older age-group, we have interrupted the veins 
prophylactically in 458 cases. There have been five instances of mild phlebitis and one 
fatal embolus in this series. In 458 patients, as nearly similar as we could determine as to 
age, sex, trauma, type of operation, illness, efc., without prophylactic femoral vein inter- 
ruption, there were 55 instances of phlebitis and 26 fatal emboli. This I think is 
significant. 

I wish to stress, at this time, that in none of these more than 1,500 patients subjected 
te bilateral femoral vein interruption in our hospital has there been any loss of life or 
loss of limb as a result of the operation. Furthermore, I wish to say that we have found 
that interrupting the normal vein caused practically no sequelae of any importance. This 
interested us a great deal; they did not develop thrombophlebitis and swelling afterward, 
as we feared they might. We feel that this prophylactic attack in the vulnerable age 
group is justified. 

There were 110 cases in each group with fracture in or about the hip. In the 110 
cases that had prophylactic interruption there were two instances of mild phlebitis and 
no fatal embolus. In the immediately preceding 110 cases there were 20 instances of 
phlebitis and 11 fatal emboli. It has been known for a long time that cases with injuries 
to the leg are particularly prone to develop thrombosis and embolism. In 49 leg amputa- 
tions where prophylactic interruption was done, there were no instances of phlebitis and 
no emboli; whereas in the control group of 49 there was one phlebitis that was recognized 
and six deaths from pulmonary embolism. In gastrectomy in this age-group, in 48 cases 
there were nine instances of phlebitis in cases not interrupted and three fatal emboli. In 
20 cases of hernioplasty that had prophylactic interruptions, one fatal embolus occurred. 
We think there might have been an error in technic in the interruption of the veins in 
this case. In 20 cases of the same type there were three instances of phlebitis and one 
fatal embolus. 

There were 20 cases of decompensated heart disease in each group. Our medical 
men are quite different, apparently, from those in Rochester. We are sometimes embar- 
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rassed by their insistence on having this procedure done; they frequently say please do it, 
rather than asking our opinion about its necessity. 

We believe that prophylactic dicumoral is suitable for patients under 60 years of age 
who had no contraindications to its use. We think that prophylactic femoral vein inter- 
ruption is logical and safe for patients beyond the age of 60. 

Treatment may be of three types: femoral vein interruption, anticoagulents and lum- 
bar sympathetic procaine blocks. These may be used alone or in conjunction, depending 
upon the indications. 


Dr. Frepertc W. Bancrort, New York, N. Y.: Early mobilization, in the hands 
of most of us, has not been as successful as it might have been. All have seen cases of 
phlebothrombosis and embolism develop in patients mobilized early. To some of us this 
meant having the patient out of bed and sitting in a chair. If you will visualize the picture 
that Doctor Morton showed, with the patient in the Gatch position, you will recognize 
how much worse it is to have a patient sitting in a chair, feet down, and the patient 
quiescent. There is a pressure on the popliteal space and acute flexion at Poupart’s 
ligament associated with venostasis. Actually, early mobilization should be that a patient 
gets out of bed and walks. When tired, he should return to bed, with the bed nearly flat. 
While in bed, he should constantly utilize his legs in active motion, as described years 
ago by Doctor Pool. 

There is another type of phlebothrombosis which originates in the pelvic veins and 
not in the superficial and deep veins of the leg, as described by Doctor Allen. In order 
to emphasize my points I should like to mention briefly two cases: 


Case 1.—A woman who had had a cesarean section followed by a normal convales- 
cence. She went home on the 1oth day postoperative. Four days after her return home, 
she had sudden pain in her chest, with an elevation of temperature. She was readmitted 
to the hospital. On radiologic examination, it was difficult to determine whether her 
symptoms were due to virus pneumonia or an embolism. There was no pain nor swelling 
in either thigh or leg. Nine days later, this patient developed evidence of deep throm- 
bosis on the left side. I was called in to see her and operated, and sucked out a throm- 
bus from the iliac vein. The suction apparatus did not work well and I was not satisfied 
that I had removed the entire thrombus. Following this procedure the patient was better, 
but on the 9th day following she had a sudden attack of pain in the right chest and again 
evidence of an infarct by radiologic examination. I did a thrombectomy on this side. The 
patient, however, succumbed from the involvement of the chest. On postmortem examina- 
tion, there was found a thrombus from the left side protruding about two inches upward 
into the vena cava; there were massive emboli in both lungs. Microscopic examination 
of the uterus showed that the pelvic veins were the cause of the original phlebothrombosis. 
They had extended into the iliac vein and were not noted in the thigh until the retrograde 
thrombosis had extended downward. 


CoMMENT.—It might have been better in this case, if the patient had not been so 
desperately ill, to have ligated the vena cava. 


Case 2.—This patient was a young woman who had had a normal pregnancy. Eight 
davs following delivery she had pain in the left chest and radiologic evidence of a probable 
infarct. Both thighs and legs were normal on examination. With the memory of the 
previous case in mind, we operated simultaneously on the femoral veins under local 
anesthesia just under Poupart’s ligaments. On opening the veins, no clots were detected 
but each vein was in definite spasm. A sucker was passed up for a distance of about 
eight inches in each vein, and thrombi were removed by suction until free bleeding 
returned. With the exception of the fact that the patient needed immediate transfusion 
due to blood loss, her convalescence was uneventful and she returned home on the oth 
postoperative day. 


ComMMENT.— Obviously in this case the thrombus had started in the pelvic veins. 

| still believe that the study made by Dr. Stanley-Brown and me some years ago 
indicates that there are potential intravascular clotters as well as potential bleeders. At 
that time we made a routine examination of the prothrombin and fibrinogen of all ante- 
operative and postoperative cases. We felt that everywhere in the body are hyper and 
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hypo conditions, such as hyperthyroidism, and hypothyroidism, hyperacidity and hypoacid- 
ity. Therefore, if there are potential bleeders, there must be potential clotters. In our 
analysis of about 1,600 cases we found that about 14 per cent were potential clotters. All 
our accidents occurred in this 14 per cent, but these accidents constituted only 2 per cent 
of the 14 per cent. On analyzing the remainder of the 14 per cent, we found that they 
had a rather prolonged convalescence, in that the temperature remained slightly elevated 
and there was evidence of some malaise, and we assumed that some of these might have 
been deep thromboses which we did not recognize. 

It would be a great help to us all if we knew pre-operatively which cases were 
likely to develop a postoperative accident. While I recognize that the prothrombin test 
is not as accurate as it might be, I still believe that it may be an indication of the potential 
patient who may develop phlebothrombosis. 


Dr. WALTER D. Wise, Baltimore, Maryland: I want to say a word about prophylaxis, 
not from an operative standpoint but from the anticoagulant viewpoint. I want to make 
a preliminary report of an intensive study of the use of dicoumarol in my hospital which 
has been going on for some years as a therapeutic measure, and more recently as a 
prophylactic. There will be a paper published which includes only surgical patients, not 
including the medical cases that have been spoken of. The results lately, since we have 
been using dicoumarol prophylactically, are so good that we hesitate to bring them out 
because I know that no such record as this can be maintained. It is possible that the 
good results are not due to dicoumarol alone, but to a combination of procedures such 
as has been outlined. 

In Mercy Hospital in Baltimore, 4,000 to 4,500 operations are performed in a year, 
including deliveries but excluding nose and throat cases. In the four-year period from 
1939 to 1942, inclusive, there were 50 cases of postpartum and postoperative thrombophle- 
bitis, 22 cases of pulmonary infarction and eight deaths. In 1943 the use of dicoumarol 
was begun. From 1942 to 1946 there were 41 cases of thrombophlebitis with 13 pul- 
monary emboli and four deaths. In 1944 a rather intensive program of prophylactic use 
of dicoumarol was started. The staff has codperated very well and it has become almost 
routine. The chief of the laboratory is willing to work long hours, and does, and is very 
much interested in it, and the results are that in 1945 only six cases were diagnosed as 
thrombophlebitis, and so far in 1946 there have been six. In 1945 there was one pulmonary 
embolus, two so far in 1946, and no deaths in those two years. That record can hardly 
be maintained. It may be coincidental, to some degree, but it does give, in a medium-sized 
service, some reason to pay a little more attention to anticoagulant prophylaxis and 
therapy than is being done, according to what we have heard today. 


Dr. Roy D. McCrure, Detroit, Mich.: Recently we had a symposium on this subject 
at the Sectional Meeting of the American College of Surgeons in Detroit. Oné of the 
speakers was Dr. Gunnar Bauer, of Sweden. He presented the results of heparin therapy 
in two Swedish hospitals, and the statistics indicated that the drug was of value in the 
prevention of fatal pulmonary embolism. He stated that he preferred heparinization 
rather than femoral vein ligation. There is great interest in heparin among the Swedish 
doctors. Dr. Eric Jorpes, of Stockholm, who is in this country at the present time, has 
just published a revised and enlarged edition of his monograph on heparin. 

At the Henry Ford Hospital, we have used the anticoagulants and vein ligation. 
Dr. Conrad Lam and Dr. Donald Hooker have recently published the statistics on our 
cases (ANNALS OF SURGERY, 123, 221, 1946). They found that since the adoption of 
anticoagulant therapy and prophylactic femoral vein ligation, there has been a very low 
mortality rate in cases selected for treatment. However, these measures did not prevent 
a number of sudden and unexpected embolisms. They thought that early ambulation 
offered the most promise as a preventive measure easily applicable to most surgical 
patients. 
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Dr. Rotitin A. DANIEL, Jr., Nashville, Tenn.: Dr. Richard Crutcher and I are com- 
pleting a study of this problem at the Vanderbilt University Hospital, based on clinical 
and autopsy: records over a 15-year period, 1930 to 1945. During this time there were 
82,984 admissions to the hospital; 30,000 operations were performed; 2,749 autopsies were 
performed, representing 63 per cent of the patients who died in the hospital during 
that time. 

Among the autopsy cases there were 55 in which pulmonary embolus was probably 
the cause of death. Nineteen of these patients had more than one embolus. Thirty-six 
patients had a single massive embolus. 

The 55 autopsy cases were divided into two groups as follows: 

1. Those patients who could not have recovered from their disease had pulmonary 
embolism not occurred. There were 21 patients in this group. Ten of these had cardiac 
failure which could not be controlled by adequate digitalization and all other supportive 
measures; seven had far-advanced malignant disease; one had severe tetanus, two wide- 
spread abdominal and pelvic infections, with septicemia, and one had bilateral congenital 
cystic kidney with pyelonephritis and uremia. All these patients were in the terminal 
stages of their disease. 

2. Those patients who probably would have recovered had pulmonary embolism not 
occurred. There were 34 patients in this group. Analysis of this group revealed that six 
patients had massive edema involving the extremities, caused by hypoproteinemia or 
nephritis. Clinical evidence of intravascular clotting would have been extremely difficult 
to detect in these patients. There were, therefore, only 28 patients in whom phlebothrom- 
bosis might have been noted and in whom one might have been willing to perform oper- 
ative procedures designed to prevent pulmonary embolism. 

We feel that it is important to emphasize the fact that more than a third of the fatal 
emboli occurred in patients with incurable diseases. 


Dr. JoHN J. Morton, Rochester, N. Y.: I wish to thank all the discussants for the 
kind way they have handled me. What I meant to emphasize is that this is not an 
exclusively surgical problem by any means. It is a problem of putting patients to bed. 
If your patient is an adult, he will get thrombosis if you keep him there and do not take 
measures to prevent it. Early ambulation is a good thing. In most cases this may mean 
a few steps and then back to bed. We wish to stress that the exercises in bed are more 
important. These keep the muscles in tone and the veins drained. 

We may come to tying normal veins, but we have not done it yet, and I want to 
see a few more indications before we do. 
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THE STUDY OF MALIGNANT CELLS WITH PHASE 
DIFFERENCE MICROSCOPY* 


W. M. Firor, M.D., ann G. O. Grey, M.D. 


BattimoreE, MARYLAND 


MODERN SURGERY has made significant contributions to the welfare of 
patients afflicted with malignant disease, but modern surgery has made no 
significant contribution to our understanding of malignant processes. The 
efforts of pathologists in this field have been similarly futile. For more than 
thirty years living cells have been observed and recorded photographically, 
without giving any insight into those essential physiologic alterations that 
constitute malignancy. For many years biochemists have tried to detect some 
significant variation between normal and malignant tissue. Their efforts to 
find some qualitative abnormality commensurate with the abnormal behavior 
of malignant tissue have failed. Quantitative differences between benign and 
malignant tissue have, however, been described, and during the past three 
years exceedingly significant changes have been noted in the field of enzymol- 
ogy. Biochemists for more than 15 years have given us a series of carcinogenic 
components, but the action of these substances upon intracellular constituents 
is not fully understood. Efforts to correlate chemical alterations with cellular 
structure are just beginning to bear fruit. Midway between the realm in which 
the chemist works and that of the microscopist lies a zone which, heretofore, 
has not been open to scrutiny. I refer to those intracellular components which 
are larger than molecules and yet too small to be seen by the ordinary light 
microscope. During the past three years two technics have been started which 
permit observation and study of these intracellular constituents. 

The first of these new methods is electron microscopy. The work of Por- 
ter, Claude, and others, has already enlarged our knowledge of intracellular 
structure, and in the next few years one can reasonably expect many important 
additions to this knowledge. The second technic is phase difference micros- 
copy, and it is this technic which we shall briefly describe and illustrate this 
morning. Suffice it to say, the essential feature of this method consists of 
altering the contrast in the image by introducing in the microscope a diffrac- 
tion plate which changes absorption and optical path differences. The advan- 
tages of phase difference microscopy are great when one deals with homoge- 
nous material, such as cytoplasm. This presentation is not a verbal descrip- 
tion, but a visual demonstration of what can be accomplished by this method. 
T would like to point out that in the early part of the film I am about to show. 


* The authors wish to thank the American Optical Company for furnishing them 
with phase contrast equipment. 

Read before the 58th Annual Session of the Southern Surgical Association, Hot 
Springs, Va., December 11, 1946. 
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one can see the movement and behavior of the cell membrane. Heretofore, 
this has not been clearly seen with the ordinary light microscope. 

It is suggested that you focus your attention on the following features of 
this plasma membrane that surrounds every cell within the body. It is flexible, 
it is contractile, it is tenacious, and it is porous. The amazing fact is that, 
when a cell divides, the cell membrane remains intact. The second feature to 
which I direct attention are certain components of the cell which, heretofore, 
have not been visualized in living tissue, particularly the network in the central 
cell mass and the Golgi apparatus. Finally, in the last portion of the film one 
can see the behavior of certain cell constituents. In particular, I refer to the 
movement of the mitochondria which shuffle back-and-forth from the edge of 
the cell to the central cell mass. This is particularly significant when one 
remembers that recently it has been shown that the mitochondria contain 
nearly all of certain respiratory enzymes.®* 


(Motion Picture) 


This presentation is in no way exhaustive. It has served merely to give us 
a glimpse into the possibilities of a new technical procedure and to show the 
way we are thinking, and possibly give a suggestion as to the direction in 
which we are heading. 
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The Johns Hopkins Hospital 
Baltimore, Md. 


Discusston.—Dr. WALTMAN WALTERS, Rochester, Minn.: I think we should all 
commend Doctor Firor for this excellent research of a type which few of us are in 
position to carry out but which he and his associates have done admirably. 

As a member of the National Advisory Cancer Council I bring to your attention 
something which I think you should know. In 1937, Congress created the National 
Cancer Institute. The appropriation for this Institute has varied from $400,000 to $570,000 
each year, until the current fiscal year in which it was increased to $1,772,000. These 
figures are used for the support of the National Cancer Institute and the various grants- 
in-aid recommended by the National Advisory Cancer Council. Dr. George Smith of 
New Haven, Dr. Frank Adair of New York, Doctors Ivy and Huggins, Dr. Sherwood 
Moore of St. Louis, Dr. Robert Stone of San Francisco and I are members of the 
committee which meets with the Surgeon-General of the United States Public Health 
Service and with Dr. R. R. Spencer of the National Institute of Health. This agency 
operates the National Cancer Institute in which some of the investigations of cancer are 
being carried out. Other studies are being made in leading medical institutions of this 
country. These monies are available for use in the study of any problem associated with 
cancer. 

Some of you may say that you have not sufficient trained personnel in your hospitals 
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to carty out investigations of cancer. You will be interested in knowing of the type of 
grants requested and that many of the studies needed could be carried out by any of us. 
For example, studies dealing with (1) the frequency with which gastric polypi become 
cancerous; and (2) the incidence of cancer in presumably benign gastric lesions as well 
as in the presence of atrophic gastritis are being carried out in one institution. At a 
recent meeting of the Western Surgical Association, Lt. Col. Frank E. Hamilton, of 
Walter Reed Hospital, presented a report of the effect on the stomach of roentgen therapy 
applied to the abdomen for treatment of metastatic tumors of the testis. Chronic perfor- 
ating gastric ulcers resulted. 

Studies of this type can be carried out by all of us if we have the opportunity. We 
were told that in the next session of Congress, as a result of demands from people all 
over the country, an appropriation of $100,000,000 will be sought for the study of cancer. 
The plan is to bring scientists from all over the world to the United States in an effort 
to correlate and to further projects of research on cancer in accordance with plans to be 
developed by these men in a manner similar to that used in invention of the atomic bomb. 

My suggestion would be that those who desire to carry out research on cancer do 
scmething which we, as scientists and doctors, find difficult to do; namely, request our 
senators or representatives in Congress to see that this money is wisely spent, make 
suggestions as to the types of research on cancer that might be carried out and request 
grants of money for support of such studies in our medical schools and hospitals. I 
should like to encourage all who have any desire to do research on cancer to make inquiry 
of the National Advisory Cancer Council as to what monies are available for such 
purpose. 


Dr. Joun C. A. Gerster, New York City: Now that the country has become cancer- 
conscious there is much danger of confusion and duplication of effort. The hundred million 
dollar Bill mentioned by Doctor Walters is a good example of this because, while 
authorizing appropriation of this sum for the commendable object of gathering scientists 
from all over the world to attack the cancer problem, it seems so loosely written—lacking 
any proper directive provisions—as to be almost a blank check and, thus, open to great 
political distortion. Obviously for this reason the Bill is now being rewritten. 

The government is fighting cancer; I understand some $200,000 of federal money 
is available for New York State alone. The American Cancer Society also has sub- 
stantial funds allocated for cancer work in this same territory.. A year ago the American 
Cancer Society, whose three-fold object is research, service and education, collected four 
and a quarter millions from all over the country. They engaged the National Research 
Council of the National Academy of Sciences’ Committee on Growth to pass on all 
research problems submitted and to recommend action on these back to the American 
Cancer Society. There are 19 separate panels of the Committee on Growth to ,conduct 
and supervise research on every aspect of the cancer problem. 

This year the American Cancer Society’s campaign grossed more than 11,000,000 
dollars. 

Now for some of the confusion: The National Cancer Institute of the U. S. Public 
Health Service is located at Bethesda, Maryland, with Dr. Roscoe Spencer as its head; 
on the other hand, the National Cancer Foundation is a well-intentioned organization 
directed mainly toward terminal care of the advanced cancer patient. While this is a 
most worthy charity, it, alone, is not going to solve the main problem. To concentrate 
everything on advanced cancer care is like pouring money down a rat hole. This 
well-intentioned movement should not be confused with more worthy organizations 
which, while including advanced cancer care in their programs, stress the clinical and 
basic research aspects of the cancer problem as the only path toward the light! 


Dr. Cuamp Lyons, New Orleans, La.: I am sure we are all filled with admiration 
for this magnificent achievement in pathologic research. One of the most remarkable 
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aspects of this accomplishment is the opportunity provided for testing new drugs as 
competitors with essential metabolites in the enzyme systems of neoplastic cells. Doctor 
Firor has carried the technic to a high degree of perfection. I should like to ask him to 
briefly outline his technic. 


Dr. WARFIELD M. Firor, Baltimore (closing). I want to thank Doctor Walters and 
Doctor Gerster for their timely remarks. I heartily endorse everything Doctor Gerster 
said about the need for thinking clearly and not confusing these various agencies. In 
answer to a question asked me personally, as to the speed at which these exposures 
were taken, one can say that this varies according to cell activity; roughly one exposure 
every Yo second. Many times one has to watch a cell for four or five hours before it 
begins to divide. 

In answer to Doctor Lyons; I think I might make clear the essentials of phase 
microscopy by using the blackboard. If one has a light source here, and here an object; 
here is the microscope with the objective lens, and here the resulting image. This image 
will be altered by certain variables or variations in the components of the object. First, 
the ability of different parts of the object to transmit light; second, the thickness of the 
components of the object; third, the index of refraction of these components. If in this 
object there is a highly refractile granule, that will be reflected in the image. The 
product of the thickness times the index of refraction divided by the wave length is called 
optical path. The optical path, expressed in wave lengths 7 is equal to nt/y where t is 
thickness and n is the index of refraction of the structure. When optical path differences 
between adjacent parts of the object are very great, one can get a sharper image by dark- 
field illumination. When, however, there is very slight difference in the thickness or in 
the index of refraction of material that goes to make up the object, one can not detect 
these differences with the ordinary light microscope, and under these conditions phase 
microscopy is particularly helpful. This method consists of putting into an objective lens 
a disk of glass on which there has been evaporated a metallic or dielectric material 
which absorbs some of the rays of light, or deflects them. Some 60 different plates have 
been devised. 

Obviously, the possibilities of this method are very great. For a technical presentation 
of phase microscopy one is referred to a paper by Bennett,? e¢ al. 
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THE SURGICAL TREATMENT of hypertension by means of extensive sympa- 
thectomy and splanchnicectomy has been accepted as a sound and _ logical 
physiologic procedure. It is true that abnormal elevation of the blood pressure 
may persist for years in a mild degree without producing symptoms or disabil- 
ity, so that neither medical nor surgical treatment is indicated. More severe 
elevation of blood pressure may respond to medical management and remain 
under control without proving disabling or showing evidence of progression. 
In reviewing reports relating to the surgical treatment of hypertension, one is 
struck with a universal problem confronting the medical profession ; namely, 
the control of progressive hypertension or the alleviation of distressing symp- 
toms of an already severe and serious hypertension. 

Various types of sympathectomy have been carried out and studied exten- 
sively, both preoperatively and postoperatively, and from these we have learned 
much about what can be accomplished by each type of procedure. In contrast 
to many operations performed on man which have as their principle the 
removal of pathologic tissue, the operative treatment of hypertension is based 
on a physiologic response of the patient ; that is, interruption of the sympathetic 
fibers will abolish or diminish the increased arteriolar tone in the lower half of 
the body. As Grimson! has stated, the lowering of the blood pressure observed 
to follow sympathectomy has been directly proportional to the extent of the 
sympathectomy and inversely proportional to the severity of the disease. 


CLASSIFICATION . 

Due to the fact that the clinical syndrome which we have come to recognize 
as hypertension has no single etiologic factor and that elevated blood pressure 
associated with arteriolar changes may result from many combinations of 
causes, it is necessary to have a clinical classification as a basis for evaluation 
of therapeutic results and for prognosis. Several classifications have been 
developed by the various workers in this field, based on the apparent clinical 
and pathologic evidences of the severity of the disease. All classifications have 
a common objective in evaluation of the severity of the disease as well as in the 
selection of patients whose condition should respond satisfactorily to surgical 
treatment. 














* Read before the 58th Annual Session of the Southern Surgical Association, Hot 
Springs, Va., December 10, 1946. 
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Hypertension may be divided into two main groups: (1) secondary; and - 
(2) essential or primary hypertension. Secondary hypertension results from 
such lesions as glomerulonephritis, pyelonephritis, obstruction of the urinary 
tract, rare conditions obstructing a renal artery, polycystic disease, terminal 
periarteritis nodosa and disseminated lupus, coarctation of the aorta and 
tumors of the suprarenal and pituitary glands. 

It is not our purpose to discuss this group at length; however, it seems 
advisable to call attention to the unilateral renal lesions, usually atrophic 
pyelonephritis (contracted kidney), which may be causes of hypertension. This 
type of lesion is of importance to the surgeon, since there are an increasing 
number of reports of favorable responses to removal of such lesions. How- 
ever, these favorable responses actually are comparatively rare. 

When this lesion has been suspected, it is customary at the Mayo Clinic 
to have a combined operation performed by the urologic and neurologic sur- 
geons, the operation consisting of nephrectomy and sympathectomy. The two 
operations can be carried out through the same incision without materially 
increasing the operative risk. If definite and persistent lowering of the blood 
pressure occurs after removal of the kidney, further surgical treatment (sym- 
pathectomy on the opposite side) is not necessary. In such circumstances 
removal of the kidney is given credit for the lowering of the blood pressure, 
for it is known that unilateral sympathectomy does not materially lower the 
blood pressure for more than a few days. If, a week or ten days after removal 
of an atrophic kidney is performed in association with sympathectomy, there 
is no decrease in blood pressure, it is assumed that the kidney is not the sole 
etiologic factor, and a secondary operation is then considered necessary. The 
patient is then regarded as having primary or essential hypertension. 


ESSENTIAL OR PRIMARY HYPERTENSION 

Etiologic Factors—Not much is known about the mechanism of elevation 
of the blood pressure in the presence of essential hypertension. Three factors 
are responsible for maintenance of normal blood pressure, and derangement of 
any one of these may cause a change in the blood pressure. The factors in 
question are: (1) the cardiac output; (2) the volume and viscosity of the 
blood; and (3) the resistance offered to the flow of the blood through the 
peripheral parts of the arterial system. It has been proved that cardiac output 
or viscosity of the blood is not altered in cases of essential hypertension, but 
that the caliber of the peripheral vessels is decreased. The decrease in diameter 
of the peripheral vessels is attributable to (1) a condition inherent in the 
arterioles ; and (2) an abnormal reaction of the arterioles to vasomotor stimuli. 
Wide fluctuations of blood pressure would be indicative of an abnormal 
response of arterioles to vasomotor stimuli. A high sustained blood pressure 
with little fluctuation would be indicative of an inherent or automatic constric- 
tion of the arterioles. 

There is a large hereditary factor in essential hypertension, as revealed by 
Ayman* (1934), who found that in families in which both parents had abso- 
lutely normal blood pressure, the incidence of elevated blood pressure among 
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the children was only 3 per cent. In families in which one parent had hyper- 
tension the incidence increased to 28 per cent, and in families in which both 
parents had arterial hypertension the incidence was 45 per cent. Hines and 
Brown® have shown that a familial history of hypertensive cardiovascular dis- 
ease is five times more frequent among persons who have hypertension or 
who are hyperreactive to a standard stimulus (immersion of the hand in ice 
water) than it is among persons who react normally to the test. The exact 
inherent quality responsible for this is not known, but probably a hyperreacting 
sympathetic nervous system responds abnormally and produces unusual vaso- 
constriction as a result of various emotional stresses and strains. This, in turn, 
may lead to so-called neurogenic hypertension. 

Classification of Primary or Essential Hypertension—We have assumed 
that in any attempt to assess the value of an operative procedure for hyper- 
tension, the results of surgical treatment must show a decided improvement 
over those of medical treatment. Because, since 1932,* a classification has been 
used at the Mayo Clinic in the diagnosis and medical treatment of hyperten- 
sion, we have used this classification as a guide and yardstick in evaluation of 
our surgical results. Keith, an internist, and Wagener, an ophthalmologist, 
with the collaboration of members of the sections on vascular diseases and 
pathologic anatomy, have followed an unusually large number of patients 
suffering from hypertension over a period of two decades or more and have 
accumulated, therefore, a vast amount of clinical and pathologic material on the 
basis of which their classification has been developed. 

They have classified essential hypertension into four groups.® To avoid the 
use of descriptive terms, the groups have been given numbers: (1) slight to 
moderate increase in the blood pressure, which ordinarily becomes normal as a 
result of rest, and mild sclerosis of the retinal arteries, usually without symp- 
toms (Fig. 1a); (2) moderate to severe hypertension, moderate sclerosis of 
the retinal arteries, and occasionally venous thrombosis ; clinical symptoms are 
present or absent (Fig. 1b) ; (3) moderately severe hypertension and angio- 
spastic retinitis with an exudative retinopathy almost always associated with 
clinical symptoms of hypertension (Fig. 1c); and (4) severe hypertension, 
angiospastic retinitis, edema of the optic disks and, always, clinical mainfesta- 
tions of hypertension (Fig. Id). ° 

This grouping does not indicate the degree of hypertension, although the 
blood pressure is often higher in one group than in the group which numerically 
precedes it. The hypertension of any patient may progress from group to 
group until Group 4 is reached. The fatality rate among patients who have 
hypertension of Group 1 or Group 2 is 30 to 42 per cent, respectively, within 
four years. The fatality rate among patients who have hypertension of Group 
3 is 78 per cent within four years, and in Group 4 the rate is 98 per cent 
(Keith, Wagener and Barker®). This high fatality rate should be noted care- 
fully by those who are inclined to consider that hypertension ordinarily is not 
a serious disease. Malignant hypertension and essential hypertension are not 
separate conditions, for malignant hypertension is a type of essential hyper- 
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tension. The term “malignant” is used loosely to designate severe forms of 
hypertension. 

This classification may be unsatisfactory because it fails to indicate the 
importance of the rapidity of progression of the disease. As a working basis, 
however, the classification is acceptable, since the seriousness of hypertension 
ordinarily increases progressively as the number of the group into which it is 
classified increases. Thus, to be of clinical value, the surgical treatment of 
hypertension must show control of the progress of the disease from one group 
to another, or a lessening in the severity of the hypertension. 

Medical Treatment.—The medical treatment of mild essential hypertension 
usually is satisfactory, but severe hypertension frequently may not respond 
to medicine and diet. Some patients who have moderate hypertension of Group 
2 or 3 respond rather well, for a time, to medical treatment. A nontoxic, ade- 
quate and prolonged vasodilator would solve the problem of the treatment in 
many cases. The nitrites, acetylcholine series, histamine and two newer drugs, 
tetra-ethyl-ammonium chloride and the bromide salt of this compound, have in 
common a vasodilating action. The latter two drugs are now under investiga- 
tion to determine their efficacy from the standpoint of selection of patients for 
surgery and the medical treatment of hypertension. Due to their temporary 
physiologic effect, their therapeutic value is questioned. There is some evi- 
dence that potassium thiocyanate may be effective (both before and after oper- 
ation), but the dosage must be carefully regulated. The sedative agents, par- 
ticularly the barbiturates, are the most valuable drugs. The amount of sedative 
drug should be great enough to abolish nervousness and restlessness and small 
enough to avoid drowsiness and excessively slowed mental reactions. 

Surgical Treatment.—Although it is true that mild hypertension may 
persist for many years without evidence of progression, there are a large num- 
ber of patients who come for surgical treatment after their condition has 
progressed to severe hypertension, with irreversible changes in the vascular 
tree of the heart, kidneys, brain and other organs. As was the case in the treat- 
ment of cancer 20 years ago, under the present setup we are attempting to 
alleviate symptoms produced by organic changes far beyond the scope of 
physiologic surgery. To us the answer thus far is early surgical attack, and our 
results in hypertension of Groups 1 and 2 as compared with those in hyper- 
tension of Groups 3 and 4 for the most part substantiate this recommendation. 

Selection of Patients—The postoperative results have revealed that a high 
fixed hypertension associated with diffuse arteriosclerosis is accompanied by 
irreversible changes throughout the body. Patients thus afflicted are not 
materially benefited by operation. For this reason, certain criteria have been 
sought by means of which it will be possible to predicate the postoperative 
results. Observation of the patient at rest and of his response to anesthesia, as 
well as sedation with the barbiturates, have been tried with varying results. 
Comparison of the results obtained in the various groups of hypertension, both 
before and after operation, have shown that patients suffering from severe 
hypertension in the later stages of the disease may not display marked clinical 
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improvement after surgical treatment. It is the consensus that patients more 
than 50 years old with a high diastolic pressure should be looked on as poor 
operative risks for whom only questionable results can be obtained. Patients 
who have maintained a high pressure over a long period of time often prove 
refractive to surgical treatment. It has been found experimentally and clin- 
ically that the blood-pressure-altering effect of rest, sedation and anesthesia 
has been variable. Causative factors or surgical prognosis based principally 
on rest and the use of sodium amytal or the results of anesthesia tests may be 
misleading.’ The blood-pressure-lowering effect of these tests clinically should 
be but one of the many factors considered in evaluation of the condition of the 
hypertensive patient. 

Types of operation for hypertension are listed in Table I. 

Surgical Operation—The multiplicity of operations*?* which have been 
tried and the controversy which has been aroused in respect to the application 
and results are testimony, in themselves, that one procedure has not proved 
to be infallible. 

All operations for the relief of essential or primary hypertension have a 
basic physiologic objective consisting of denervation of the vascular tree of the 
abdominal viscera and the lower extremities. All operative procedures take 
cognizance of the fact that failure results if both cardiac and renal functions 
are significantly impaired. Irreversible changes in the vascular, muscular and 
nervous systems, as well as in the cardiac, renal and other vital organs, indicate 
a condition which is not amenabie to this physiologic type of operation. 

Thus far, in review of the results of operation in the treatment of hyper- 
tension, it is evident that two types of responses are significant. In one group 
of cases there has been a definite control of the progression of the disease as 
evidenced by a lowering of both the systolic and the diastolic pressure for 
varying periods. In another group there has been a decided relief of the 
distressing and disabling symptoms without a startling lowering of the blood 
pressure. This is true in spite of the definite objective of lowering the blood 
pressure primarily and relieving the symptoms secondarily. 

In the acquisition of experience with the different operative procedures, 
with careful preoperative and postoperative studies of the patients and a donger 
period of observation, much has been learned, and it is important to realize 
that the surgical treatment has brought out many hitherto unknown physio- 
logic facts about the disease. 

In view of the fact that all the procedures in question have been followed 
by some alleviation of elevated blood pressure and symptoms and are attended 
with a low fatality rate (with the exception of the several types of rhizotomy* ® 
which have been abandoned), it is barely possible that they can be used 
individually in the treatment of various phases or stages of hypertension. This 
has proved to be true in many controversial operative surgical procedures in 
general surgery and the other surgical specialties. In fact, in our combined 
medical and surgical departments we have discussed this problem and are, at 
the time of this report, comparing the results of various operations in the hope 
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Fic. 1( A). —Diffuse arteriolar disease with hypertension of group 1, generalized narrowing 
of grade 1, and chronic sclerosis of grade 1 of the retinal arterioles; (B), diffuse arteriolar 
disease with hypertension of group 2, generalized narrowing of grade 1, and chronic sclerosis 
of grade 2 of the retinal arterioles; (C), diffuse arteriolar disease with hypertension of group 3, 
retinopathy without papilledema, a cotton-wool patch and hemorrhage and residues of edema 
in the retina; (D), diffuse arteriolar disease with hypertension of group 4, retinopathy with 
papilledema and partial macular star. (Original colored photographs from the collection of 
Drs. H. P. Wagener and C. W. Rucker and reproduced through their courtesy.) 
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of clarifying this question. However, it will take a longer period of observation 
and study of the patients who have undergone the more extensive sympathec- 
tomy before any valid conclusions can be made. 

Surgical Technics——So much has been written concerning the different 
technics that it seems unnecessary to refer to them in detail. So many con- 
tributors have been involved that, in the hope of presenting a brief review, we 
have assumed that too many names would confuse the subject. 

Suffice it to say that rhizotomy extending from the 6th thoracic nerves to 
the 2nd lumbar nerves was carried out with the idea of interrupting the sympa- 
thetic impulses to the splanchnic vessels and the vessels of the lower extrem- 
ities.8 Physiologically, this was sound, but the procedure also involved the 
motor components of the spinal nerves, which only beclouded the picture, and 
the operation proved to be of such magnitude and to be accompanied by so 
much risk, not only of life but of physical disability, that it was abandoned 
as being surgically hazardous. However, before this procedure was abandoned, 
it was modified to involve the gth thoracic nerve to the 2nd lumbar nerve, 
instead of the original 6th thoracic nerve to the 2nd lumbar nerve.? Some 
gratifying results were obtained from the latter procedure without the exten- 
sive operation and the risk of the former. This showed that in some cases a 
modified procedure was effective. 

The various types of rhizotomy, having proved that interruption of the 
sympathetic impulses to the splanchnic area was followed by a lowering of the 
blood pressure and a relief of symptoms, aroused the interest of neurosurgeons 
in approaching the problem from extraspinal route, and from this interest two 
procedures developed. Intrathoracic supradiaphragmatic resection of the roth, 
11th and 12th thoracic sympathetic ganglia and the intervening trunk, along 
with a corresponding section of the splanchnic nerves, has been carried out 
and several large series of patients have been followed for a period of years.!* 
The results as reported are impressive, in respect to both lowering of the blood 
pressure and alleviation of symptoms. 

The subdiaphragmatic operation, consisting of removal of the splanchnic 
nerves and the Ist and 2nd lumbar sympathetic ganglia with the intervening 
trunk, has been carried out in large series, with results which show a definite 
advance in the surgical treatment of hypertension.” 1! The patients concerned 
have been studied both preoperatively and postoperatively over a period of 
years, and the results of such studies prove without a doubt that in some cases 
there has been a definite physiologic response to this type of denervation. 

Under this impression—that both the supradiaphragmatic and the sub- 
diaphragmatic types of resection of the splanchnic nerves and the sympathetic 
ganglia had their advantages, and that more extensive denervation probably 
would be followed by a greater response—the two procedures were combined 
into the transdiaphragmatic type of surgical procedure.'* This procedure has 
been modified by several surgeons! 1 until now it has been accepted as a 
procedure which may be applicable to a group of patients whose condition did 
not respond as well as had been hoped for when the other procedures were 
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used. The first investigator (Smithwick)' who combined the two procedures 
developed a technic consisting of removal of the 12th rib, division of the 
diaphragm and removal of the splanchnic nerves from the midthoracic region 
to the celiac ganglion and the sympathetic trunk from the oth thoracic nerve to 
the 2nd lumbar ganglion. This operation was attended with a little higher 
fatality rate (2.8 per cent), but seemed to procure greater denervation than 
the others and to produce a more lasting postural hypotension. In a high per- 
centage of cases this operation was followed by a lowering of both the diastolic 
and systolic blood pressures. This approach has been extended to include 
‘resection of other ribs and removal of the splanchnic nerves and sympathetic 
ganglia from the Ist thoracic nerve to the 5th lumbar ganglion in one series,’® 
from the 3rd thoracic nerve to the 2nd lumbar ganglion in a second series, 
and from the 7th thoracic to the 2nd lumbar ganglion in a third series.“ 

Thus, have developed the different types of operation for denervation of 
the so-called splanchnic vascular bed and the vessels of the lower extremities. 
There is no doubt that the more extensive types of denervation'*'® have their 
advantages, but there are also disadvantages. It has been proved, both experi- 
mentally and clinically, that too extensive resection of the sympathetic nervous 
system is followed by changes in certain functions subservient to these nerves. 
After the performance of quadrilateral sympathectomy for the relief of vascular 
disease such as thrombo-angiitis obliterans and Raynaud’s disease, there is an 
absence of sweating in all extremities, so that the burden of bodily sweating is 
placed on the unaffected area. This is true in the case of performance of more 
extensive resection of the thoracic and lumbar sympathetic ganglia and, even 
though the response relating to the hypertension may be superior, the comfort 
of the patient must be considered, especially those patients who live in a warm 
climate or even those who live in a changing climate. Excessive sweating of 
any part of the body can be disabling and incapacitating, as evidenced by 
patients suffering from hyperhydrosis. 


COMMENT 

The surgical treatment for the relief of hypertension has passed through 
the stage of radical rhizotomy into that of extraspinal resection of the 
splanchnic nerves and the thoracic and lumbar sympathetic ganglia and trunks. 

Classification and grouping of the disease have been chosen arbitrarily for 
a comparison between the medical treatment, on the one hand, and various 
types of surgical procedures, on the other. No satisfactory single criterion for 
the prediction of successful operations has been developed. It has been agreed 
that even the most extensive of the operations cannot change the clinical status 
of hypertension which has advanced to the degree of irreversible changes in the 
vessels of the heart, kidneys, brain and other organs. 

The nature of the operation is physiologic rather than pathologic and the 
results depend on the physiologic response of the vascular system. All types 
of sympathectomy and splanchnicectomy have been followed by arrest of the 
progress of the disease and alleviation of symptoms. Although it is true that 
the more extensive operations have resulted in greater denervation of the 
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vascular system, they also result in a more extensive cutaneous area of non- 
sweating which produces discomfort to the patient in adjusting to climatic 
changes, and further discomfort is experienced because of excessive sweating 
in the unaffected areas. 

White!® has aptly summed up the present status of the surgical treatment 
of hypertension as follows: “Although it is not yet established that the results 
will be permanent, at least there is good reason to believe that the hands of 
the clock can be set back for a number of years in the majority of younger 
patients with hypertension who have not been permitted to progress to the 
stages of advanced degeneration or changes in heart, kidney or brain.” 


TABLE I 


VARIOUS TYPES OF SURGICAL OPERATIONS FOR HYPERTENSION 
I. Rhizotomy: 
a. Intraspinal division of anterior or motor roots of 6th thoracic nerve to 2nd lumbar nerve.! 
b. Intraspinal division of anterior or motor roots of 9th thoracic nerve to 2nd lumbar nerve.* 
Il. Sympathectomy and splanchnicectomy: 
a. Subdiaphragmatic, 1st and 2nd lumbar sympathetic ganglia.!0,1! 
b. Supradiaphragmatic, 10th, 11th and 12th thoracic sympathetic ganglia.!? 
c. Transdiaphragmatic, 9th thoracic nerve to 2nd lumbar ganglion. 
d. Transdiaphragmatic, 3rd thoracic nerve to 2nd lumbar ganglion." 
e. Combined subdiaphragmatic and supradiaphragmatic: 
1. ist thoracic nerve to 4th and 5th lumbar ganglia.!5,!6 
2. 7th thoracic nerve to 2nd lumbar ganglion.!7 
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Discussion.—Dr. Frank H. LAuwEy, Boston, Mass.: I wish to disclaim any experi- 
ence with operations for hypertension, but as I said to Doctor Craig, one of the most 
important things a clinic such as ours can do is to report our end-results as often as 
possible in these cases in order that we may determine what to expect from them. It is 
essential that the end-results of the various operations for hypertension be put on 
record as soon as possible, and in as significant numbers as possible. 

These are the results in 100 consecutive cases in which operation was carried out 
in the neurosurgical department by Dr. James L. Poppen and the patients’ course followed 
from one and one-half to four years. These results are being reported by Doctor Poppen 
in a paper sent to the Journal of the American Medical Association. All these patients 
have had one type of operation, a technic devised by Doctor Poppen in which he removes 
the thoracic and lumbar sympathetic chain in continuity from the fourth. dorsal to the 
second lumbar ganglia, inclusive. This is accomplished by the removal of a small 
segment of the medial portion of the 11th rib and also the 7th or 8th rib depending on the 
amount of lordosis of the thoracic spine. A paper on the technic employed is in press. 
Doctor Poppen has tried to divide these results into “good,” “fair” and “unsatisfactory.” 
A good result is to be expected when, after operation, the maximum blood pressure is 
150 mm. systolic and 100 mm. diastolic, the patient is in good physical condition and 
relieved of all symptoms associated with hypertension. Doctor Poppen has found, as 
Doctor Craig has, that there is no test by which one can predict in which case there will 
be a good result, and I am sure that everyone is anxious to get some test to determine 
that. It is not possible to select these cases by the blood pressure alone. They have 
determined not only the blood pressure in the cases in which the results are classified 
as fair, poor and unsatisfactory but have included, also, the reversal of electrocardio- 
graphic findings, roentgenologic evidence of change in the size of the heart and improve- 
ment in the arterioles of the retina and subjective symptoms. These they have placed 
last, as of the least significance. 

In these cases the results have been good in 47 per cent, fair in 24 per cent and 
unsatisfactory in 22 per cent. The mortality has been 0.5 per cent. It is interesting in 
interpreting these findings that there has been a drop in blood pressure in 71 per cent, 
but in some of these there have not been associated satisfactory changes of the character 
I spoke of (such as the roentgenogram of the heart and the electrocardiogram, etc.) and 
so they have not been included in the satisfactory group. 
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Doctor Poppen in the follow-up of his group of cases has ascertained the effect of 
this operation upon sexual power. This is one of the important things we have to tell 
male patients before operating upon them by this plan. We all know the relationship of 
the lumbar ganglia and their influence upon the ejaculation power and it has been of 
interest to know what the effect has been. Fifty-eight per cent of this group were 
females, 42 per cent were males. Of these latter, 41 per cent had normal ejaculation after 
operation and 21 had no ejaculation, and in 18 per cent the power of ejaculation was 
diminished. It is also important to note what the effect has been on libido or potency, 
and Doctor Poppen reports that it is the same in 65 per cent, diminished in 23 per cent, 
and here is a strange fact concerning the question of the complete control of the power 
of ejaculation by the Ist or 2nd lumbar ganglion—libido and potency were improved in 
12 per cent. In women there has been no change, and there have been pregnancies in 
some of the cases. 

Since this is a group of patients operated upon by the same individual by the same 
technical plan and followed from one and one-half to four years, we thought it would be 
valuable to present them in relation to Doctor Craig’s paper. 


Dr. Loyat Davis, Chicago: In 1939, Dr. Marion H. Barker and I presented before 
this Association our experiences with the surgical treatment of patients with hypertension, 
by removal of portions of the sympathetic nervous system. Deliberately, we confined 
ourselves to a study of those patients who had been treated by various medical measures 
without success, but, in particular, all the patients had been resistant to the administration 
of potassium sulfocyanate. 

This group of patients had been under observation for from seven to ten years, and 
we are now engaged in compiling an accurate and meticulous survey of their present 
condition. Many of them are enjoying a satisfactory social and economic existence on the 
cyanate regimen who, without operation and the resulting sensitivity to cyanates, we 
believe would have succumbed to their disease. Our experience with cyanate therapy and 
with sympathectomy in cyanate-resistant patients has been supported by the findings in 
other clinics. 

It is obvious that many, in fact, the majority of the patients with essential hyperten- 
sion whom we see in the clinic, belong to the group who react satisfactorily to the cyanates 
when they are properly administered and controlled. We have not as yet subjected this 
group to operation, but it is our opinion that were we to do so, the results following 
sympathectomy alone would be comparable to those reported from other clinics. In fact, 
after using all the proposed preoperative tests to determine whether or not sympathectomy 
may benefit the patient, we have come to believe that the therapeutic test with the 
cyanates is the most reliable. In addition to our own patients, our experience with 
patients operated upon elsewhere who come under Doctor Barker’s management, supports 
this tentative conclusion. 

The cyanate-resistant patient with hypertension belongs to the most unpredictable 
group whose course may suddenly become fatal, but for the same reason they constitute 
the group for whom every possible therapeutic measure should be employed. By limiting 
our own investigations to a single group of clinically well-defined patients, we believe 
that the final evaluation of the surgical treatment of hypertension will be materially 
hastened, and we are hopeful that our clinics will add to our experiences with this 
group of patients. 


Dr. WincHeLt McK. Craic, Rochester, Minn. (closing): I am extremely grateful 
for this discussion. As I stated, I was trying to bring out the problems of surgical treat- 
ment of hypertension. The remarks of Doctor Lahey and Doctor Davis have shown 
that we have kept in mind the effect on patients and, following the statement of Doctor 
Davis, we hope, in connection with laboratory studies and further pharmaceutical studies, 
to further the treatment of hypertension. 
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CHRONIC SHOCK: THE PROBLEM OF REDUCED BLOOD 
VOLUME IN THE CHRONICALLY ILL PATIENT* 


PART I-——CONCEPT OF CHRONIC SHOCK 


Joun H. Criarx, M.D.,** Wooprow Netson, M.D., 
Cuamp Lyons, M.D., H. S. Mayerson, Pu.D., 
AND 
Paut DeCamp, M.D., 


New Orteans, La. 


FROM THE DEPARTMENTS OF PHYSIOLOGY AND SURGERY, TULANE UNIVERSITY, SCHOOL OF MEDICINE, 

AND THE RESEARCH LABORATORIES OF THE ALTON OCHSNER MEDICAL FOUNDATION, NEW ORLEANS, LA, 

A REDUCED TOTAL QUANTITY of circulating blood in patients with nutri- 
tional deficiency was reported by Chang’ in 1932. Similar observations in 
hypoproteinemic animals have been recorded in the reports of the experiments 
of Holman, Mahoney and Whipple,? and of Elman and Davey.’ In a study of 
patients with persistently unhealed war wounds, attention was directed to a 
syndrome characterized by weight loss, reduced blood volume and increased 
interstitial fluid volume.® Diminished blood volume in debilitated patients has 
also been noted by Gregersen,* and by Varco.® All these reports emphasize 
the coincidence of protein depletion and diminished blood volume. The sur- 
gically significant feature of reduced blood volume is an increased susceptibility 
to shock correctable by transfusion replacement of the blood volume deficit.® 
It is on this basis that it is proposed to designate the syndrome as “chronic 
shock.” 

Much of an admittedly controversial nature precludes immediate acceptance 
of this concept of a reduced blood volume attributable to depletion of body 
protein. On the other hand, it has been possible to integrate such a mechanism 
in orderly relationship to currently accepted physiologic processes. Four years’ 
experience with the clinical application of this hypothesis has offered consid- 
erable proof of the fundamental integrity of the underlying teleologic deduc- 
tions. It is the purpose of this series of papers to present the rationale and 
factual data upon which the syndrome of “chronic shock” has been postulated. 

Starling‘ described the mechanism whereby the hydrostatic force of the 
capillary blood pressure and colloid osmotic pressure of the plasma proteins 
effected an interchange of fluid across the semipermeable capillary wall. 
Schade,® in an extension of Landerer’s® earlier concepts, added the factor of 
tissue tension as contributory to the return of fluid from the interstitial reser- 





* This is the first report of a series of studies being conducted under a grant from 
the Research and Development Division, Office of the Surgeon-General, United States 
Army. 

** Doctor Clark’s present location is Salt Lake City, Utah. 

Read before the 58th Annual Session of the Southern Surgical Association, Hot 
Springs, Va., December 11, 1046. 
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voir to the vascular compartment. Tissue tension was accepted by Peters,!° 
and emphasized by Youmans," as the only available mechanical force to supply 
a necessary increment of pressure. It is now recognized that some protein 
leakage across the capillary wall occurs normally.’* The effective filtration 


forces of capillary blood pressure (BP), 
osmotic pressure of plasma protein (PP), 
tissue tension, or pressure (TE) and 
osmotic pressure of interstitial fluid pro- 
tein (IFP) are diagrammatically sum- 
marized in Figure 1. 

The usual distribution of the extracel- 
lular fluid is such as to maintain a ratio 
of plasma volume to interstitial fluid vol- 
ume of 1:3.)* However, wide variation 
in the total quantity and apparent dis- 
tribution of the extracellular fluid is 
known to occur.'*-!" It has been concluded 
that these fluctuations maintain plasma 
volume through a reciprocal balance of 
the filtration forces mediated by the os- 
motic pressure of the plasma proteins and 
the tissue tension respectively.'+ 1° This 
ically in Figures 2, 3 and 4. 
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Fic. 1.—Diagrammatic representa- 
tion of filtration forces across the 
capillary wall. 

P., capillary blood pressure; 
P. P., osmotic pressure of plasma 
protein; I. F. P., osmotic pressure of 
interstitial fluid protein; T. T., tissue 
tension or pressure. 





relationship is presented schemat- 
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Fic. 2.—Diagrammatic representation of normal forces acting to maintain 


P. V.:f. F. V. ratio. 


Failing of explanation within this concept are numerous clinical observa- 
tions of increased interstitial fluid volume and decreased plasma volume, with 
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normal concentration of plasma proteins.**® 1° In dogs maintained on a 
protein-inadequate diet or rendered edematous by plasmapheresis, edema has 
been noted in the absence of significant lowering of the concentration of 
plasma proteins.1® The persistence of a normal pattern of plasma protein 
concentration has been confirmed by Tiselius determinations upon the plasma 
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Fic. 3.—Diagrammatic representation of forces acting 
to maintain P. V.: I. F. V. ratio in sodium retention and 
hydremia. 

B. P., capillary blood pressure; P. P., osmotic pressure 
of plasma protein; T. T., tissue tension or pressure. 


TABLE I 


PLASMA VOLUME—INTERSTITIAL FLUID VOLUME RATIO IN PATIENTS WITH 
DELAYED WOUND HEALING* 


Conc. of Plasma Interstitial 
Weight Loss Plasma Prot. Volume Fluid Volume Ratio 
Patient (Kg.) (Grams %) (M1.) (M1.) P.V.sh.2.Y. 

a aiaG alas ereeteieraooa 0 wat 3,900 13,900 1:3.3 
Lee en ae eee 4.2 8.0 2,900 15,900 1:5.4 
Ba a5 da bated Bekins 5.6 asta 2,400 13,500 1:5.6 
Biss cuceeeswian 6.4 6.9 3,209 13,800 1:4.3 
ON ee re ee 14.4 8.0 2,400 12,100 1:5 
aes ia ee sews 14.9 7.6 2,600 15,800 1:6 
Ma Waicd wave < cea 13..1 cer 2,100 15,100 8:27.13 
ree ara 16.7 6.7 2,600 16,600 1:6.4 
Maes etd eida-se 30.0 2 2,700 15,800 1:5.8 


* The analyses were made by Miss Margaret Rourke by concomitant determinations 
of the plasma volume with the dye T-18242° and extracellular fluid volume with sodium 
thiocyanate2!, Plasma proteins were determined by Kjeldahl analysis. 


of human subjects with edema’ due to famine. Certain unpublished observa- 
tions from a previous study’® are pertinent in this regard. The clinical subjects 
were soldiers depleted in consequence of prolonged exudation from persist- 
ently open war wounds. The findings are summarized in Table I. Alteration 
of the usual 1 :3 ratio of plasma volume to interstitial fluid volume is the 
consequence of decrease in the plasma volume and increase of the interstitial 


620 











Volume 125 CHRONIC SHOCK 


Number 5 


fluid volume. There is no real correlation between the amount of weight lost 
and the degree of alteration of the ratio, comparable changes being noted with 
a loss of nine pounds (Patient No. 2), and 65 pounds (Patient No. 9). As 
previously noted,® there is correlation of reduced body weight, reduced plasma 
volume and reduced total mass of circulating blood proteins, both hemoglobin 
and plasma protein. 

Schoenheimer’s** concept of the dynamic equilibrium of all the body pro- 
teins warrants the conclusion that protein depletion should affect tissue protein 
as well as blood proteins. It has now been shown that weight loss is correlated 
with reduced total mass of blood proteins even though the concentration of the 
blood proteins is not significantly altered. Masked deficiencies of this sort 
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Fic. 4.—Diagrammatic representation of forces acting 
to maintain P. V.:I. F. V. ratio in dehydration and 
oligemia. 

B. P., capillary blood pressure; P. P., osmotic pressure 
of plasma protein; T. T., tissue tension or pressure. 


have been recognized previously.?* Recognition of the factor of tissue protein 
depletion offers a mechanism whereby the interstitial fluid volume could ex- 
pand as the result of reduced tissue tension associated with loss of some tissue 
protein, such as collagen.’* Loss of tissue tension implies that the quantity 
of the plasma volume is predetermined by the hygroscopically active concen- 
tration of a reduced total mass of plasma colloids. Such an explanation fits 
the factual data rather well. This postulated mechanism is presented in Figure 
5. Other students of this problem have emphasized alteration of the physio- 
logic integrity of the capillary wall.’? Robertson and Bock** found it impos- 
sible to restore blood volume beyond a certain point when further increase in 
plasma volume would, by dilution, have reduced the hemoglobin concentration 
percentage to a very low figure. Anemia, in consequence of reduced total 
mass of hemoglobin, has been shown to favor loss of fluid and protein from 
the vascular to the interstitial fluid compartment.** 

The exact mechanism whereby the recorded changes are produced is 
admittedly complex. Important for clinical emphasis is the observation that 
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in patients with weight loss the reduced plasma volume may mask deficiencies 
in the total mass of blood proteins. The significance of increased interstitial 
fluid volume remains to be elucidated. as or 
“Discussion.—The concept of a state of “chronic shock” may be protested 
on several grounds. Gregersen, and others,*: *°. °* have answered most of the 
theoretic and technical dissatisfactions with the method of blood volume deter- 
mination. Criticism based on the known variation in the plasma volume among 


“normal” subjects?’ has been countered by consideration of the plasma volume 


TABLE II 


CONSTANCY OF THE PLASMA VOLUME IN NORMAL INDIVIDUALS 


Subject 

Date 1946 W. W. W.N. H. M. R. K. 
JOBUBTH oo cic cc cccees 2,625 2,535 
| a a 3,515 2,750 
J. eee 2,795 
IL atrial Ciara whan: kre 3,335 
SE eee 2,730 
NN 5 5a. 5 5d soe 65050 3,130 
es eee . 
Eee ee 2,690 3,350 

TABLE III 


CHANGES IN WEIGHT AND BLOOD VOLUME DURING CONVALESCENCE 


Date Weight Blood Volume 
a 106 lbs. 3,400 MI. 
I caiae- skh wd oA nea ROO 83 lbs. 4,400 MI. 
IG oi5-3 d5 se lbs ea nheate 85 lbs. 4,600 MI. 


Patient entered with carcinoma of stomach resected on 
4/26/46. No postoperative transfusions were given. Weight 
prior to illness was 128 pounds. It should be noted that blood 
volume restoration and maintenance during convalescence re- 
veals a deficiency of 1,200 MI. at the time of the initial blood 
volume determination. 


to interstitial fluid volume ratio and by serial determinations of the blood 
volume in individual patients. Hematologists** are reluctant to accept a con- 
cept invalidating the hemoglobin concentration as an accurate index of the 
total quantity of circulating hemoglobin, although biochemists have long 
emphasized the fallacy of assuming that solute concentrations reflect the 
plasma volume.?**! 

The constancy of the plasma volume, as demonstrated by serial determina- 
tions in a series of given individuals, is attested in Table II. The presence of 
reduced blood volume in a patient with weight loss is confirmed by the demon- 
stration of restoration of blood volume to a higher level during convalescence 
(Table III). It has been repeatedly observed that restoration of the blood 
volume precedes significant recovery of weight during recuperation from 
debilitating illness. Methods of evaluating the blood volume deficit in 
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patients with weight loss and the quantitative aspects of transfusion restora- 
tion of blood volume will be reported subsequently. 

Clinical practice in the restoration of structural defects of the extracellular 
fluid has been based on Gamble’s’* demonstration of the ability of the normal 
kidney to retain selectively the needed electrolyte. Quite recently, Coller, and 
coworkers,** challenged this established program by presenting evidence of 
excessive retention of water, sodium and chloride in patients with sound 
kidneys and normal concentrations of the plasma proteins. The subjects of 
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Fic. 5.—Diagrammatic representation of forces affect- 
ing P. V.:I. F. V. ratio in chronic sepsis (anemia of 
weight loss). 

B. P., capillary blood pressure; P. P., osmotic pressure 
of plasma protein; T. T., tissue tension or pressure. 


the study were patients with neoplastic lesions of the rectosigmoid colon, but 
no data as to weight loss were provided in the clinical protocols. However, 
the unexpected findings of Coller’s group are readily explained within the 
postulated syndrome of “chronic shock.” A similar translocation of intra- 
venously administered fluid was recorded in consequence of depletion of the 
total circulating hemoglobin and in patients with chronic sepsis by Robertson 
and Bock.** Comparable and unexplained shifts of the extracellular fluid were 
recorded in consequence of surgical operation and ether anesthesia by Stewart 
and Rourke.!® 

In spite of the many uncertainties, the fact remains that there is much of 
clinical utility in these considerations. The clinical appraisal of weight loss in 
terms of protein depletion and reduced blood volume has led to more accurate 
evaluation of the “poor risk” patient than measurements of the concentration 
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of hemoglobin and plasma protein alone. Correction of blood volume deficits 
by blood transfusions has proved to be the most important single factor in the 
preparation of such patients for surgical treatment and subsequently effective 
utilization of ingested protein. The concept of “chronic shock” is at least 
temporarily useful in the routine management of debilitated patients, in the 
comprehension of apparently conflicting clinical studies and in the formulation 
of new investigative programs of clinically pertinent problems. 


CONCLUSIONS 


1. Weight loss, decreased blood volume, decreased blood proteins and 
increased interstitial fluid volume have been correlated as the surgically sig- 
nificant features of protein depletion of the body in a syndrome of “chronic 
shock.” 

2. Body protein has been presented as a factor in the dynamic equilibrium 
of fluid exchange across the capillary wall. 

3. The necessity for adoption of some modification of current concepts 
has been indicated. 
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PART II—HEMOGLOBIN AND RED BLOOD CELL DEFICITS 
IN CHRONIC SHOCK* 


There is good reason to believe that a deficiency of hemoglobin is a factor 
of primary importance in the problems engendered by depletion of body pro- 
teins. Certainly, the wounds of the anemic patient heal slowly and convales- 
cence is generally retarded. A more succinct expression of this general clinical 
principle has been provided in the experimental work of Whipple, and _ his 
coworkers. In the presence of a deficiency of both hemoglobin and tissue 
protein, priority is assigned to the fabrication of new hemoglobin." * It appears 
that restoration of protein deficits may be expedited by initial correction of 
anemia. 

There is a definite ceiling on the rate of synthesis of new hemoglobin.* * 
The time required for red blood cell and hemoglobin regeneration may fail 
to meet the surgical exigency in a chronically ill patient. In many cases oper- 
ation cannot be wisely postponed until the patient has synthesized adequate 
quantities of both hemoglobin and tissue protein. Tissue protein regeneration, 
in the absence of anemia, is accomplished rapidly.*° Thus, immediate correc- 
tion of anemia by whole blood transfusion theoretically assures the deviation 
of newly available protein to the more rapidly accomplished synthesis of 
tissue and plasma proteins. 

. In chronically ill patients the anemia may be so masked by reduction in 
plasma volume that the hematocrit concentration fails to give a true picture 
of the existing deficiencies in hemoglobin and red blood cells. Initial observa- 
tions of surgically significant reductions in blood volume associated with 
weight loss were made in soldiers with persistently unhealed and suppurative 
wounds.® Diminished blood volume in debilitated patients has also been noted 
by Gregersen,’ and Varco. To designate the syndrome characterized by 
protein depletion, diminished blood volume, and increased susceptibility to 
shock correctable by transfusion replacement of the blood volume deficit, we® 
have recently introduced the term, “chronic shock.” It is the purpose of this 
paper to consider the quantitative aspects of the red blood cell and hemoglobin 
deficits in chronic shock and the correction of these deficits by whole blood 
replacement. 


PROCEDURE AND METHODS 


Initial determinations of body weight, plasma volume, hematocrit, hemo- 
globin concentration and plasma specific gravity were made in 89 patients with 
a clinical history of weight loss. Included were 41 patients with malignant 
disease, 28 with chronic infection, eight with hepatic disease, seven with mal- 
nutrition and five with peptic ulceration. Among the 89 patients, serially 











* This is the second report of a series of studies being conducted under a grant from 
the Research and Development Division, Office of the Surgeon-General, United States 
Army. 
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repeated determinations were made on 59 patients. Sixteen normal subjects 
with repeated observations on nine served as a control group. 

The volume changes in response to transfusion therapy were observed in 
33 patients. In most, indicated surgical procedures were performed during the 
period of hospitalization and initial study. Insofar as possible, blood lost 
during operation was replaced. Subsequent observations during convalescence 
were made on an ambulatory program through out-patient facilities. Especial 
attention was given to a high dietary intake of protein, supplemented when 
necessary by oral or jejunal feedings of protein digests or hydrolysates. 

Considerable care was devoted to standardization of the procedures used. 
All patients were studied under basal conditions. Breakfast was omitted, and 
the patients rested quietly in the recumbent position for at least ten minutes 
before the determinations were made. Blood was drawn from an antecubital 
vein into syringes coated with a thin film of heparin. Total circulating plasma 
volume was determined by the method of Gregersen,' the Klett-Summerson 
photo-electric colorimeter being used. Red blood cell volumes were calculated 
from hematocrit values obtained with Wintrobe tubes. These tubes, as well 
as the samples used for obtaining plasma, were centrifuged for 30 minutes at 
3,000 revolutions a minute. Hematocrit determinations were made on the 
samples of blood taken before and after injection of the dye. This served as a 
check on possible shifts during the ten-minute intervening period. Hemoglobin 
was determined as oxyhemoglobin by the photo-electric colorimetric method of 
Evelyn,?® and total circulating hemoglobin was calculated from the total blood 
volume value. Specific gravity of the plasma was determined by the falling- 
drop method of Barbour and Hamilton," and plasma protein percentage by the 
formula of Weech, Reeves, and Goettsch.!* 


EXPERIMENTAL OBSERVATIONS 


1. Estimation of the Standard Circulating Blood Volume for Patients with 
Il’eight Loss —One of the most difficult problems in the clinical application of 
blood volume studies is evaluation of an isolated determination in a given 
patient. Various tables have been compiled to give standard or usual values 
on the basis of such factors as weight, height, age and sex. Rowntree, Brown 
and Roth,!* and Gibson and Evans," concluded that the blood volume bears a 
more constant relationship to body surface area than to weight, but their 
average values on the basis of weight were consistent in people of usual physi- 
cal configuration. Average values for obese, tall and thin or elderly persons 
were predicted more accurately by correlation with body surface area. Greger- 
sen, on the other hand, concluded that the correlation of blood volume with 
weight is as accurate as with body surface area. Particularly significant in 
this connection are the observations of Courtice’® on the identity of values 
based on weight for animals of such different surface areas as the rabbit, dog, 
goat and horse. 

In Table I are presented the results of our determinations in 16 normal 
subjects as compared to the values reported by previous investigators.’ '4-1 
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Our average value for plasma volume, 45.5 MI./Kg., is practically identical 
with that reported by Gregersen,’ and Stewart and Warren,'® with the blue 
dye, T-1824. The average value for total blood volume, 82 M1./Kg., is also 
similar to Gregersen’s value of 85 MI./Kg. Serial determinations in four 


TABLE I 


COMPARISON OF STANDARD VALUES 


Method Blood 

Number Dye Plasma Volume 

Determinations by: of Cases Technic MI./Kg. MI./Kg. 
Keith, Rowntree, and Geraghty, 1915......... 42 Vital Red 50 85 
RN Nk AG rer osha vn ivan 6 bait 9 bie ah Ba 5 Vital Red 51 81 
Rowntree, Brown, and Roth, 1929............ 78 Vital Red 53 88 
Gibson and Evans, 1937....... 0c .cccccscces 49 males T-1824 43 males 78 
41 females 42 females 66 
TS SSA ee at aera ar ae rarer ae 11 T-1824 40.5 77 
nan sscbN Kkead 51? T-1824 45 85 
Stewart and Warren, 1945................2.- 29 T-1824 45 a 
NN IIIS SONI 65056500 6.0.5. 005s 0:00:05 0b a 0i8 16 T-1824 45.5 82 


TABLE II 


RELATIONSHIP OF BLOOD VALUES TO OBSERVED AND USUAL WEIGHT 





























Total Total Total 
Weight Hemoglobin Cell Volume Blood Volume 
Observed — — — — 
Case No. and Diagnosis and Usual Percentage of Standard for Weight* 
eka toad. bes aka enibakadinlees Observed 61 65 85 
Carcinoma of stomach 48.1 Kg. 
83% of usual weight 
Usual 
58 Kg. 49 52 70 
RII aig) ah ic\8 nag wae slat cc a0 os Pn'e 8 Observed 69 67 100 
Carcinoma of colon 50.3 Kg. 
89% of usual weight 8 
Usual 
81.2 Kg. 41 41 60 
I a odie be kit Ma oo: aos oie acer kw Observed 77 &R 102 
Carcinoma of pancreas 43.5 Kg. 
62% of usual weight AD 
Usual 
69.8 Kg. 49 54 62 
CEE So Aicichdndbas ceduis siemens a ‘ Observed 81 93 131 
Achalasia 31.7 Kg. 
63% of usual weight - — 
Usual 
53.3 Kg. 54 58 84 





* Standard values are taken from Gregersen.’ 
Total hemoblogin =12.75 Gm./Kg.; total red cells =40 MI./Kg.; blood volume =85 MI./Kg. 


normal subjects at varying intervals over a period of seven months showed a 
remarkable constancy, the range of variation being within 10 per cent.® 

The data given in Table I suggest a close relationship between blood vol- 
ume and body weight and indicate that standard values for the blood volume 
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of the normal individual can be safely calculated from observed weight. Table 
II indicates, however, that the problem is more complex when patients with 
progressive weight loss are involved. In transfusing such patients, one is con- 
fronted with the problem of selecting a standard on the basis of the optimal 
weight in health or on the basis of the observed weight in illness. Thus, in the 
four representative cases shown in Table II, it is seen that malnourished 
patients may have total hemoglobin, red cell and total blood volume values near 


TABLE III 


EFFECTS OF REPLACEMENT THERAPY 
Total Total Cell Blood 



































Hemoglobin Volume Volume 
Case No., Diagnosis and Treatment Determinations Percentage of Standard for Weight 
Case 306—64-year-old male............ 4/10/°46 
Carcinoma of stomach Weight 83% of usual 49 42 70 
Usual weight 128 Ibs. (48.1 Kg.) 
Radical resection 4/26/'46 4/26/'46—following 
Procedure well tolerated replacement therapy 
Uneventful convalescence with 3,000 MI. 100 115 106 
Weight 78% of usual 
5/9/46 
3 weeks postoperative 83 90 89 
Weight 65% of usual 
6/20/°46 
Postoperative 89 93 94 
Weight 66% of usual 
Case 326—57-year-old male. 7/1/°46 
Esophageal stricture Weight 68% of usual 56 65 73 
Following esophagogastrectomy for 2 £———————————————— 
malignancy (March, 1946) 7/5 /'46—following 
replacement with 2,500 MI. 113 118 126 
Usual weight 220 Ibs. (99.8 Kg.) Weight unchanged 
Gastrostomy 7/5/'46 7/17/46 
Rapid clinical recovery following High protein gastrostomy 
dilatation feeding. 90 90 78 
Weight unchanged 
8/27/°46 
Able to swallow high 
protein diet 100 102 98 


Weight 73% of usual 





the assumed standard for their observed weight. Values calculated on the 
basis of their usual weight, however, are significantly lower. It may finally 
be pointed out that when blood volume for a patient with weight loss is com- 
puted on each of the three bases commonly used; that is, weight, surface area 
and height, better agreement is reached between the values based on weight 
and those obtained by the other methods if the normal, rather than the observed 
weight, is used. From inspection of the Dubois formula (A = W®-4*5 x H®-726 
x C) for surface area it is seen that a given loss in weight is accompanied 
by a smaller relative loss in surface area. Thus, a 25 per cent weight loss by 
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a 71-inch man who formerly weighed 186 Ib. is attended by a 13 per cent 
decrease in surface area. 

In similar patients one of us® found it clinically practicable to restore the 
blood volume by transfusion to the standard value for the patient’s usual 
weight without evidence of significant hemoconcentration or overloading of the 
vascular reservoir. The significance of this observation has been questioned 
on the basis of inadequate studies during convalescence to indicate mainte- 
nance of the blood volume at this higher level.2° Table III shows the results of 
two typical experiments indicating that during convalescence after transfusion 
and appropriate surgical treatment the values for total circulating hemoglobin 
and total red blood cell mass are maintained at, or near, the standard value 
for the patient’s usual weight in health. It is significant that restoration of 


TABLE IV 


STANDARD VALUES IN OBESE AND IN TALL AND THIN PATIENTS, AND IN PROTRACTED ILLNESS 























Plasma Blood 
Volume Volume 
Weight —- 
Case No. and Diagnosis Body Type Usual and Standard Percentage of Standard 
Re a on ar aces i te dca ace wits Obese prior to illness Usual weight 88.9 Kg. 82 72 
Duodenal and esophageal re — — = 
ulceration Standard for age, sex 
(2,000 M1. of blood prior to and height 68 Kg. 100 93 
determinations) 
PNT Sains gs.oh diester va Tall and thin Usual weight 61.7 Kg. 104 99 
Bronchiectasis oe ———_ — ———_—_—— 
Standard for age, sex 
and height 79.4 Kg. 83 84 
NEM ta ss pice arn cieee aida ereiare Ill since childhood— Usual weight 39.9 Kg. 100 89 
Bronchiectasis never attained — - — 
optimal weight Standard for age, sex 


and height 50.8 Kg. 80 72 





blood volume during convalescence precedes significant gain in weight. This 
is strikingly illustrated in Case 326 in which the transfusion of 2,500 MI. of 
blood elevated the hemoglobin, red cell and blood volumes well above standard 
levels based on his usual weight. Following correction of an esophageal stric- 
ture and adequate dietary intake, these levels were maintained for six weeks 
with only a slight increase in weight. 

We have found that in approximately 5 per cent of the cases the calcula- 
tions of standard values on the basis of usual weight in health are not applic- 
able. This is true in instances of excessive obesity prior to illness, in tall and 
thin patients and in protracted illness wherein optimal weight had never been 
attained. Our data (Table IV) suggest that in such cases it is preferable to use 
values based on standard weight tables for sex, age and height. It has not 
been found necessary to correct standards for the older age groups. 

Further factual evidence supporting the use of standards based on usual 
weight in health is presented in Table V. Restoration of the blood volume 
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to the standard volume assigned on the basis of the usual weight in health 
may give values up to 150 per cent of normal for the observed weight. This 
has been accomplished without clinical or laboratory evidence of overloading 
of the vascular reservoir. 


TABLE V 
RESULTS OF TRANSFUSION THERAPY 
Total Total Cell Blood 
















































































MI. of Hemato- Weight Hemoglobin Volume Volume 
Blood crit Observed | ———$___$_—________ 
Case No. and Diagnosis Given % and Usual Percentage of Standard 

Pa 35.3 ssa win ceeinsaked yiuane 1,500 40 Observed 120 123 144 

Achalasia 

63% of usual weight, 50.3 Kg. Usual 93 88 105 
Nn en a TOR aed 2,000 45 Observed 129 133 118 

Carcinoma of lung - 

82% of usual weight, 61.7 Kg. Usual 113 119 105 
ARIES, >. 5-5 ones wok tana ote ale ava ae 2,000 49 Observed 102 114 110 

Carcinoma of pancreas 

62% of usual weight, 69.6 Kg. Usual 65 71 68 
I iar nae hehe eaieiane ve oaolaater 3,000 50 Observed 123 128 120 

Carcinoma of lung 

86% of usual weight, 103 Kg. Usual 103 108 103 
SRS = cain an hs anes carne 2,350 52 Observed 124 132 120 

Carcinoma of esophagus 

83% of usual weight, 77 Kg. Usual 104 109 97 
NII oo hao cabchare veg sere Sesg io aekbia 3,000 53 Observed 127 135 136 

Carcinoma of stomach 

83% of usual weight, 58 Kg. Usual 100 115 106 
CIE» odode or aeeumemtsekereaee 2,000 54 Observed 122 126 111 

Carcinoma of pancreas 

83% of usual weight, 74.8 Kg. Usual 101 107 91 
NII ass sn aincseassces 3: ~ 2a 54 Observed 122 133 119 

Carcinoma of esophagus 

87% of usual weight, 71.7 Kg. Usual 100 114 99 
RE ONIN x:.2, sha c:stsiniara babes wacom 2,500 54 Observed 131 129 117 

Carcinoma of lung 

81% of usual weight, 68 Kg. Usual 108 110 96 
RN IIIEG chang ena ais a wut lows 2,500 55 Observed 168 175 150 

Stricture of esophagus — —_ 

89% ot usual weight, 99.8 Kg. Usual 113 118 126 





2. Determination of Blood Volume in Patients with Weight Loss Due to 
Various Causes.—Reduced blood volume was observed in all cases of weight 
loss investigated. In Table VI it is shown that average blood volumes for 
the various groups, expressed as per cent of standard for usual weight, were as 
follows: Malignancy, 72 per cent; chronic infection, 76 per cent; hepatic dis- 
ease, 67 per cent; malnutrition, 76 per cent; and peptic ulceration, 79 per 
cent. The deficit is approximately one-fourth the value accepted as standard 
for the patient in health. The reduction in total hemoglobin and red cell mass 
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is more pronounced than that in total blood volume. The average total hemo- 
globin ranged from 50 to 66 per cent of the standard and the average total red 
blood cell mass ranged from 56-70 per cent of the standard. It is obvious that 
in this group of cases a clinical history of weight loss has consistently indicated 
reduction in blood volume and total circulating red cell mass. 

3. Total Circulating Hemoglobin and Total Red Cell Mass in Estimating 
Replacement Needs——Studies in World War II confirmed the existence of 
reduced blood volume in consequence of traumatic injuries.1® 2175 In such 


TABLE VI 


TABULATION OF DEFICITS ASSOCIATED WITH WEIGHT LOSS 





Total Total Plasma Blood 
Weight Hemoglobin Cell Volume Volume Volume 
No. of Per Cent of Standard for Usual Weight 

Disease Cases ne 
I og orn), 6 caine Slain 41 83 50 58 84 72 
Ciionie infection............0.6% 28 87 59 59 92 76 
FROpOEIC CIGARS... ccc eee 8 84 52 56 84 67 
SC Te 7 78 53 61 91 76 
Peptic ulceration............. 5 85 66 70 88 79 


TABLE VII 


CORRELATION BETWEEN ANEMIA AND DIMINISHED PLASMA PROTEIN CONCENTRATION 
IN TRAUMATIC INJURIES* 


Plasma Protein in G. % 





Total 
Hematocrit 5.6-6 6.6-6.5 6.6-7 7.1-7.5 7.6-8 8.1-8.5 Patients 
| ee ee 2 9 4 15 
PINS og ab 46 0a 2 6 14 14 3 39 
eae 6 8 19 4 1 38 
Total patients... 4 21 26 33 7 1 92 


* These observations were made in collaboration between Major Jos. E. Edwards 
and one of us (C. L.), by the CuSo, method, April, 1944. 


injuries, there was correlation between anemia and plasma protein concen- 
tration (Table VII). Base Hospital surgeons, concerned with correction of 
anemia prior to reparative surgery and during early convalescence, evolved a 
rough “rule-of-thumb” to estimate transfusion requirements. It was recom- 
mended** that 500 MI. of whole blood be given for each three-point deficit in 
the hematocrit. In practice, it was found safe to give 1,000 Ml. daily when the 
hematocrit was below 40 per cent, and 500 MI. daily for a hematocrit of 40 
to 45 per cent. In chronic shock, however, dosages based on hematocrit defi- 
cits are of little value because of the reduced plasma volume. The hematocrit 
concentration does not give a true picture of the existing deficiencies. Ade- 
quate restoration can be accomplished only by restoration of the total circulat- 
ing hemoglobin or red cell mass, but the deficits cannot be determined accu- 
rately without blood volume studies. 

As a result of our experience, certain general conclusions as to the amount 
of blood usually required may be drawn. The average hemoglobin deficit was 
415 Gm. and the average deficit in red cell volume was 1,200 Ml. On the 
assumption that each 500 Ml. of transfused blood contains 75 Gm. of hemo- 
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globin and 225 Ml. of red blood cells, the average dosage of blood required. 
was 2,700 Ml. In no instance has less than 1,500 MI. been given and in some 
patients 4,000 M1. has been necessary. 

By definition, correction of anemia implies restoration of total hemoglobin 
to standard value. This has been attended by definite but asymptomatic 


TABLE VIII 
RESULTS OF REPLACEMENT THERAPY 
Total Total 
Hemoglobin Cell Volume 





Case No. and Diagnosis Transfusion Therapy* Percentage of Standard 





(A) In absence of continued bleeding 





























Case 335—Carcinoma of lung........ Prior to transfusion 65 72 
Estimated transfusion dosage 1,800 MI. 

Usual weight 79.8 Kg. After transfusion with 2,000 M1. 110 112 
Case 334—Carcinoma of lung........ Prior to transfusion 58 63 
Estimated transfusion dosage 2,300 MI. 

Usual weight 68 Kg. After transfusion with 2,500 M1. 108 110 
Case 509—Chronic empyema........ Prior to transfusion 56 57 
Infection controlled with penicillin 

Estimated transfusion dosage 2,000 M1. After transfusion with 2,000 M1. 103 115 
Usual weight 47.6 Kg. 

Case 522—Bronchiectasis............ Prior to transfusion 67 66 
Estimated transfusion dosage 1,650 MI. —— 

Usual weight 61.2 Kg. After transfusion with 1,500 Ml. 92 102 





(B) In presence of continued bleeding 




















Case 428—Large gastric ulcer........ Prior to transfusion 62 60 

Estimated transfusion dosage 2,000 M1. 

Usual weight 62.6 Kg. After transfusion with 2,000 M1. 65 64 
Case 312—-Large carcinoma of stomach... . Prior to transfusion 56 59 

Estimated transfusion dosage 3,200 M1. 

Usual weight 86 Kg. After transfusion with 3,000 MI. 80 81 

Case 324—Carcinoma of head of pan- Prior to transfusion 66 73 

creas, with common duct obstruction 

Estimated transfusion dosage 2,000 MI. After transfusion with 3,350 M1. 88 81 


Usual weight 70 Kg. 








* The transfusion dosage was based on deficit in total grams of hemoglobin. 


hemoconcentration. On the other hand, restoration of total circulating red 
cell volume has given clinically satisfactory results and more nearly normal 
hematocrit values. 

No untoward complications have been attributable to mild hemoconcentra- 
tion. In the absence of quantitative blood volume determinations, correction 
of the masked anemia in chronic shock may be attained by transfusion toward 
this goal. As demonstrated in Table V, a hematocrit of 50 per cent has con- 
sistently indicated restoration of blood volume values to the standard level. 

4. Quantitative Aspects of Transfusion Therapy in Blood Volume Re- 
placement.—In Table VIII it is shown that in a given case transfusion to 
replace the estimated deficit may, or may not, restore the blood volume. The 
first half of the table (VIII-A) records quantitative replacements in patients 
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with lesions which did not bleed. No evidence of the replenishment of “body 
storehouses” of hemoglobin, as suggested by Stewart and Warren,’® was ob- 
served. In the latter half of the table (VIII-B) are included patients with pro- 
tracted gastro-intestinal bleeding and incomplete correction of the blood volume 
deficit on the basis of quantitative therapy. In Case 324, nearly twice the esti- 
mated dosage was necessary. We are in agreement with Emerson and Ebert?! 


TABLE IX 


RESULTS OF TRANSFUSION THERAPY IN CHRONIC SHOCK 

































































Total Plasma Blood 
Cell Volume Volume Volume 
Transfusion ————— —--— 
Case No. and Diagnosis Therapy Percentage of Standard 
Pe MG mridwwica bean sd ee Before 38 48 44 
Carcinoma of esophagus ee 5 
Usual weight 99.8 Kg. After 114 86 99 
ee ae Pianta Before 52 85 70 
Carcinoma of stomach a a -— 
Usual weight 58 Kg. After 115 94 106 
I Ns 5.55 66 Ka ain sie: de Re Before 57 77 68 
Carcinoma of esophagus Se ~—--- 
Usualiweight 77 Kg. After 109 86 97 
PS a ee a eee Before 54 77 65 
Carcinoma of lung ~ ——.- ---— —-— 
Usual weight 103 Kg. After 108 100 103 
aaa eee ae Before 72 83 79 
Carcinoma of lung — ——— --— 
Usual weight 79.8 Kg. After 112 98 104 
NO aoc 12 th Gets a ia wou Before 45 69 56 
Hepatic disease (a ~~ -- 
Usual weight 68 Kg. After 109 102 103 
RIS Beak dade Riaveis..ace)spsve. 608i Be‘cre $e 95 63 
Hepatic disease ——--—— 
Usual weight 91.6 Kg. After 91 118 103 
NS hod cinders 002 eer sefore 60 66 63 
Hepatic disease — -——-- -—- 
Usual weight 79.“ Kg. After 95 77 85 





that failure of quantitative replacement is a consequence of continued blood 
loss. It is clinically important to identify these cases for more intensive trans- 
fusion therapy followed promptly by corrective surgical procedures. 

In chronic shock the plasma volume may be persistently increased follow- 
ing transfusion therapy (Table IX). The observed increase approximates 
but rarely equals, or exceeds, the gain in red cell volume. It is felt that this 
observation further supports the concept of a reduced blood volume in chronic 
shock. A persistent increase in plasma volume after transfusion is at variance 
with previous observations. It has been generally accepted?**® that blood 
volume increases two or three days after transfusion are due solely to aug- 
mented cell mass because of compensatory return of plasma volume to the 
pretransfusion level. After transfusion therapy in chronic shock, the increase 
in plasma volume has been demonstrated to persist for several months. 


634 




















Volume 125 CHRONIC SHOCK 


Number 5 


5. Tolerance for Surgical Procedures in Patients with Restored Blood 
Volume.—Figure 6 illustrates a representative anesthetic record of a properly 
prepared patient in chronic shock (Patient 306, Table III). This was a 64- 
year-old man with carcinoma of the stomach, whose initial total hemoglobin 
and red blood cell volume were approximately 50 per cent of standard for 
usual weight. Preoperative transfusion of 3,000 Ml. of blood restored the 
values to standard levels. He underwent a four-hour operative procedure 
which included gastrectomy, subtotal pancreatectomy, splenectomy, resection 
of greater omentum, colostomy, and jejunostomy. Three whole blood trans- 
fusions of 500 MI. each were given to replace the blood lost during operation. 
In spite of this extensive procedure the systolic blood pressure did not vary by 











Operation started 
‘TIME (Hours) | 4 2 3 ~~ 5 
enn os iin i 
Systolic pressure 


1OOF 


L Diastolic pressure 


pe eee 














Pulse 
40} 
2OF——— —— ———— Respiration 
; [ 
SOOM whole blood 500 Mll.ushole blood SOOMI. whole blood 


Fic. 6—Anesthetic record of Case 306. Cyclopropane and ether, endotracheal technic. 
See text for details. 


more than 10 mm. mercury throughout the operative period, and the diastolic 
pressure remained at, or above, the preoperative level. Pulse rate and respira- 
tion also showed minimal fluctuations. 

The poor tolerance of the inadequately prepared depleted patient for blood 
loss during necessary surgical procedures is generally recognized. Abbott,*° 
and Meyer,*' have recommended empirically that blood transfusions be given 
preoperatively to all patients with peptic ulceration or carcinoma of the colon, 
even in the absence of anemia. They have attributed to dehydration the 
nearly normal hemoglobin and hematocrit concentrations observed in these 
patients. Such a concept of dehydration seems inadequate to explain the estab- 
lished need for blood transfusion in the preoperative preparation of depleted 
patients. 

We have presented evidence that a reduction in blood volume is part of 
the surgically significant pattern of protein depletion. The significance of the 
reduced effective blood volume in the patient with weight loss is supported by 
the unquestionably increased tolerance of the adequately transfused “poor 
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risk”’ patient for major surgical procedures. It is further supported by the 
demonstration of a maintained increase in blood volume prior to significant 
weight gain during convalescence. 

It is doubtful that total restoration of the standard circulating hemoglobin 
or red blood cell volume is necessary for satisfactory wound healing and 
convalescence. The critical level of total hemoglobin for optimal synthesis of 
tissue and plasma protein remains to be evaluated. 


SUMMARY AND CONCLUSIONS 


1. Reduction in blood volume is part of the surgically significant pattern 
of protein depletion. 

2. Blood volume deficits in depleted patients should be calculated on the 
basis of standard for usual weight prior to illness. 

3. Correction of hemoglobin or red cell deficits by repeated blood trans- 
fusion restores the volume to the standard value without producing clinically 
significant hemoconcentration. 

4. During convalescence associated with recovery from disease there is 
evidence of maintained reéstablishment of the blood volume. 

5. In the absence of continued bleeding, blood volume replacement by 
transfusion therapy is quantitative. 

6. Quantitative correction of blood volume deficits by whole blood trans- 
fusions increases the tolerance of the “poor risk” patients for major surgical 
procedures. 
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PART II—QUANTITATIVE ASPECTS OF THE ANEMIA 
ASSOCIATED WITH MALIGNANT TUMORS* 


Anemia and nutritional depletion are recognized features of neoplastic 
cachexia. Sachar, and coworkers,! and Ariel, and associates,” have emphasized 
the plasma protein concentration as the best index of reserve body protein. 
Evans® has urged determination of the total circulating plasma protein as 
more informative. It has seemed to us that these considerations of plasma 
protein as an index of tissue protein reserves neglect the important factor of 
the other body protein—hemoglobin.*: * Obviously, it is pertinent to consider 
the relative deficiencies of both tissue protein and hemoglobin. 

Progressive anemia is often more apparent clinically than is the loss of 
tissue protein in the patient with advancing neoplastic disease. The etiologic 
factors usually emphasized in the production of this anemia are continued 
bleeding, interference with nutrition, and metastasis to bone marrow.® * 
There is also good evidence to show that the anemia in malignant disease may 
result from interference with hemoglobin formation.’ Kracke® states that any 
type of malignancy in any tissue is capable of producing anemia and suggests 
that the malignant process either elaborates a product capable of bone marrow 
inhibition or utilizes substances necessary for red cell production. Clark, 
Power, Heck and Dixon’ have described a deficiency of iron associated with 
carcinoma of the proximal portion of the colon. Ewing! stresses the absorp- 
tion of hemolytic agents from infected and ulcerating surfaces and from 
necrosing areas of closed tumors as an important factor. Watson and Young,” 
and Jones and Tillman,’* have reported the cure of severe hemolytic anemia 
following surgical removal of dermoid tumors of the ovary. 

Previous studies of the anemia in malignant disease have been primarily 
concerned with the concentration of red blood cells and hemoglobin.’® 1 
Ewing," however, has stated that most malignant tumors are associated with 
progressive deterioration in the quality and quantity of the blood. He refers 
to the work of Louis, in 1846, as showing that the total quantity of the blood is 
usually much diminished in malignancy. It is the purpose of this report to 
present observations on the quantity and quality of the circulating blood in 
patients with malignant disease. 


PROCEDURE AND METHODS 

Blood volume studies were made under basal conditions in 38 patients 
hospitalized for treatment of malignant tumors. Serially repeated determina- 
tions were made in 23 patients. There were ten patients with carcinoma of 
the stomach or lower portion of the esophagus, six with carcinoma of the 
pancreas, four with carcinoma of the colon, and ten with carcinoma of the 
lung. A miscellaneous group included three patients with sarcoma, two with 
disseminated carcinomatosis, one with carcinoma of the ureter, one with 
carcinoma of the breast, and one with widespread mycosis fungoides. 








* This is the third report of a series of studies being conducted under a grant from 
the Research and Development Division, Office of the Surgeon-General, United States 
Army. 
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The laboratory determinations were performed in accordance with the 
technic previously outlined,® the Gregersen method’® as modified for the Klett- 
Summerson photo-electric colorimeter being used. Red cell volumes were cal- 
culated from hematocrit values obtained after centrifuging heparinized blood 
for 30 minutes at 3,000 revolutions per minute in Wintrobe tubes. Hemo- 
globin was determined as oxy-hemoglobin by the photo-electric colorimetric 
method of Evelyn.‘ Plasma specific gravity was determined by the falling- 
drop method of Barbour and Hamilton’ and plasma protein concentration by 
the formula of Weech, Reeves and Goettsch.?® 

The basis for calculation of standard values for the blood volume studies 
was the patient’s usual weight in health.” The diagnosis of malignancy was 
confirmed in all cases by histologic examination of tissue removed at operation. 


EXPERIMENTAL OBSERVATIONS 


I. Carcinoma of the Stomach or Lower Portion of the Esophagus: The 
initial values obtained in ten patients are presented in Table X. The severity 
of the anemia is graphically illustrated in the averaged alterations from stand- 
ard (Fig. 7). The red cell mass is markedly reduced, and the cells are deficient 
in hemoglobin. In contrast to this finding, several of the cases have normal, or 
nearly normal, total plasma proteins with normal or increased plasma volume. 
In only one instance (Case 302) was there comparable reduction in total 
plasma protein and hemoglobin. The high plasma volume recorded is open to 
variable explanation. Patient 314 had an obstructive lesion of the cardia and 
had been maintained on high caloric, high protein gastrostomy feedings for 
three months prior to study. Patient 318 inadvertently received 2,000 Ml. of 
glucose solution in the 12-hour period prior to study. Patient 325 had con- 
comitant amebiasis and intestinal bleeding. It was impossible to correlate 
hepatic or other metastases with any pattern of change. 

II. Carcinoma of the Pancreas: There were six patients with carcinoma 
of the head of the pancreas and obstructive jaundice. Two patients (Cases 308 
and 332) had primary tumors of the body and tail of the pancreas, with a 
clinical history of considerable weight loss and progressive anorexia. Both of 
these latter cases were found to have regional and hepatic metastases at oper- 
ation. The observations on these six patients are summarized in Table XI. 
With the exception of one previously transfused patient, there was a deficit of 
both plasma protein and hemoglobin. In three of the four severely jaundiced 
patients (Cases 307, 324 and 329), the plasma volume was not significantly 
reduced from the standard value in spite of considerable weight loss and 
reduced total plasma protein. In Figure 8 the graphic illustration of the aver- 
aged values emphasizes the deficiencies of red cell mass and hemoglobin. 

III. Carcinoma of the Colon: The findings in four patients are summar- 
ized in Table XII. Patient 316 had multiple hepatic metastases and obstructive 
jaundice three years after resection. The other patients had early and resect- 
able lesions. The series is too small for separate appraisal, but the averaged 
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values shown in Figure 9 suggest conformity with other lesions of the gastro- 
intestinal tract. 

IV. Carcinoma of the Lung: The determinations on ten patients included 
in this series are summarized in Table XTIT. In five patients (Cases 313, 323, 
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328, 333 and 334) the plasma volume was not significantly reduced. The 
averaged values, as shown in Figure 10, again emphasize the greater deficit 
| in cell mass and hemoglobin as compared to plasma protein. 
| V. Miscellaneous Malignancies: The studies on these eight patients are 
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summarized in Table XIV. The findings are of interest, insofar as they illus- 
the greater deficiency of hemoglobin as compared to plasma protein. 
Discussion—The deficits observed in patients with malignant disease of 


the lower portion of the esophagus, the stomach, pancreas, and colon were 
90 an 
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Fic. 10.—Blood volume determinations in carcinoma of the lung. Averages 


for ten patients. 


essentially of the same magnitude. However, as would be expected, the deficits 
in patients with carcinoma of the lung were less marked. In this condition 
bleeding is less frequent, and there is no direct interference with nutrition. 

It is apparent from our studies that the major factor responsible for the 
reduced blood volume is a deficiency of total circulating red cell mass and 
hemoglobin. These findings are in agreement with those of Taylor, and his 
colleagues,” 24 who reported evidence that tumor tissue implanted into mice 
and developing chicks results in marked depression of blood hemoglobin con- 
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centration in the host. These authors*® also reported an early decrease in blood 
volume associated with a progressive decrease in total hemoglobin when tumor 
tissue was implanted into mice. 

TABLE XIV 


MISCELLANEOUS MALIGNANCIES 


Total Total Total 
Hem- Hemo- Plasma Plasma Cell Blood 
Weight atocrit globin Protein Volume Volume Volume 


Percentage of Standard for Usual Weight 
Case No. and Diagnosis ~ - —— 


309—Osteosarcoma, with 


pulmonary metastases...... 79 72 48 96 99 60 82 
310—Angiosarcoma of femur... 86 62 40 110 105 41 77 
319—Lymphosarcoma........ 87 100 75 95 92 83 88 
342*—Mycosis fungoides, with 

multiple metastases......... 83 94 67 44 75 67 71 
337—Carcinoma of ureter..... 78 87 79 95 100 78 90 
320—Carcinoma of breast..... 100 89 58 100 94 60 78 


311—Adenocarcinoma, with 

liver metastases; primary 

probably in bowel.......... 91 95 42 61 60 44 
301—Adenocarcinoma, with 

generalized metastases; 

primary probably in bowel... 62 68 41 98 79 41 60 


* 1,500 MI. blood two weeks prior to determination. 


uw 
wn 


The deficit of plasma volume was usually considerably less than that of the 
red cell mass, and showed a range of from 48 per cent to 123 per cent of stand- 
ard. Because of this variation the hematocrit proved totally unreliable as an 
index of the degree of hemoglobin deficit. In general, the plasma volume corre- 
lated with the total plasma proteins and gave evidence of maintenance of their 
usual osmotic affinity. From this it would seem that the changes observed in 
malignant disease are the result of deficiencies in red cell mass and hemoglobin 
without consistent depletion of tissue protein reservoirs. Furthermore, since 
anemia may persist in spite of forced high protein feedings (Patient 314), we 
are reluctant to accept the point of view of Varco," and others,”* that a high 
dietary intake of protein is the factor of primary importance in the preoperative 
preparation of patients with malignant disease. Although this factor is unques- 
tionably of importance, adequate preoperative therapy demands correction of 
anemia by means of whole blood transfusions.® In malignant disease, as in 
chronic sepsis,*° there is a fundamental disturbance in hemoglobin metabolism. 
The nature of this disturbance remains to be elucidated. 


SUMMARY 

1. Blood volume studies in 38 patients with malignant disease are presented. 

2. The major factor responsible for the reduced blood volume associated 
with malignant disease is a deficiency of total circulating cell mass and 
hemoglobin. 

3. In malignant disease there is a fundamental disturbance in hemoglobin 
metabolism. 

4. Adequate preoperative preparation of patients with malignant disease 
can be accomplished only by transfusion replacement therapy. 


The technical assistance of Miss S. E. Burt is gratefully acknowledged. 
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Dr. WILLIAM H. PrioLeau, Charleston, S. C.: Since hearing Doctor Lyons’ presen- 
tation of this subject this fall in New Orleans I have endeavored to put into practice his 
concept of chronic shock. In so doing several questions have arisen, particularly with 
regard to over-transfusion. In such case what is the fate of the red cells? Is there danger 
of their breaking down and occluding the renal tubules? Is there an increased tendency 
toward blood clotting, with resultant occlusion of capillaries? 


Dr. Everett I. Evans, Richmond, Va.: I rise to comment on Doctor Lyons’ paper 
mainly because of our keen interest for five or six years in the acute shock problem. 
First, I think we must question the propriety of the term “chronic shock.” Those who 
have suffered castigation at the hands of one or two writers in Philadelphia and New 
York, know how careful one has to be in the proper use of terms. If we keep in mind 
what Doctor Lyons is doing, that he is dealing with reduced blood volume, perhaps we 
can safely use the term, but let us not go back to considering surgical shock as due to 
many causes. 

I should like to refer to our work on 240 patients coming in for more or less routine 
elective surgery. As we took these patients and estimated their blood volume, the 240 
so-called normal patients (whose figures on routine examination showed protein about 
7 per cent and hemoglobin about 14.5 Gm.) we found a great number of patients who fell 
out of the normal range; in other words, some patients can apparently be well and have 
a plasma volume as low as 19 cc. per kilogram (about 33 per cent of normal). When one 
considers the total circulating hemoglobin, there may be found even worse situations. 
Blood volume in some of these patients was so depressed that although many of them 
showed a normal hemoglobin by routine laboratory test, actually, 85 per cent of these 
patients had a total circulating hemoglobin below accepted normal values. This simply 
substantiates everything Doctor Lyons pointed out to you, the extreme importance of 
estimating hemoglobin according to the total circulating amount and not be falsely led by 
simple laboratory data for hemoglobin. If you will follow out these plans as laid down 
by Doctor Lyons, you should be able to operate upon a great many more patients who 
would not be able to withstand even simple anesthesia without operation if the blood 
volume were not restored. 

J am certain that if you will apply these blood volume methods in your hospital 
practice, you will improve greatly the postoperative and pre-operative care of patients. 
Finally, I think that in all teaching hospitals it would be a very good thing if we could 
interest one or two young surgeons in blood volume technic. I know of nothing that will 
focus more properly attention on the true causes of cardiovascular failure than attention 
to or knowledge of blood volume matters. Attention to blood volume and cardiac output 
data will focus attention properly on physiologic phenomena. In most clinical shock the 
true cause will be determined and we will not fall into the error of believing it due to 
errors in technic, toxins, etc. 

I think Doctor Lyons is to be congratulated in this important work 


Dr. CHAmp Lyons, New Orleans, La. (closing): I am most grateful for the com- 
ments of the discussers. I can answer Doctor Prioleau’s question by saying we have had 
trouble in finding enough blood to give to these patients. In general, we have adhered 
to a daily limit of 1,000 cc. of blood for a patient with an hematocrit below 40, and 
500 cc. of blood for a patient with an hematocrit above 40, in the absence of concomitant 
blood loss. In some of our experiments we have deliberately chosen to provide an excess 
of red blood cells. There has been no evidence of untoward effect or overloading of the 
vascular system in all our experiences. 
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THE TREATMENT OF INJURIES OF THE BRACHIAL PLEXUS* 
Loyat Davis, M.D., Joun Martin, M.D., 
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FROM THE DEPARTMENT OF SURGERY, NORTHWESTERN UNIVERSITY MEDICAL SCHOOL, CHICAGO, ILL. 


TRAUMATIC LESIONS which involve parts of the brachial plexus are not 
uncommon in civilian and military life. They may be the result of penetrating 
stab or bullet wounds, or more commonly in civil life, are produced by blunt 
trauma upon the side of the neck with the head flexed far to the opposite side 
and the shoulder depressed (Fig. 1). Birth palsies result from injury to the 
brachial plexus or its roots during parturition, especially in breech deliveries, 
and the mechanism of the trauma is the same. The chief factor is overstretch- 
ing and traction upon one or more components of the plexus produced by any 
means which force the head and shoulder apart. The extent of the lesions 
depends upon the violence with which the nerve roots, cords or trunks have 
been stretched and pulled (Fig. 2), so that any degree of injury may be found 
in the same patient extending between the extremes of incomplete physiologic 
block and complete anatomic interruption of continuity. 

Blunt injuries differ from stab or gunshot wounds in that the nerve fibers 
are not severed in a well-defined place, but are torn apart. The overstretched 
funiculi may rupture at any point from the origin of the roots from the spinal 
cord to the most distal portion of the injury. Therefore, some fibers may be 
avulsed, others torn apart within the nerve trunks, and others overstretched. 
The resulting clinical symptoms are those of complete and incomplete ana- 
tomic or physiologic lesions which cannot and should not be catalogued accord- 
ing to the early classification of brachial plexus injuries into the upper (Erb) 
or lower (Klumpke) types. We believe it is far more accurate and practical 
to determine the extent of the paralysis by careful, detailed examinations of 
the muscles and then place the level of the lesion by a knowledge of the inner- 
vation of those muscles (Fig. 3a, b). The progress of recovery can be fol- 
lowed more easily and a final evaluation of the residual lesion can be made 
accurately. 

Rupture is most frequent in those portions of the plexus which are sub- 
jected to the greatest stretch, that is in the 5th and 6th cervical spinal nerves. 
Avulsion of the roots from the spinal cord is less frequent, and when it 
occurs, spinal cord symptoms are usually present. The lower roots and spinal 
nerves which contribute to the plexus; 1.e., cervical 7, 8 and thoracic 1, are 
less often injured and exhibit more evidence of spontaneous recovery. In stab 





* Read before the 58th Annual Session of the Southern Surgical Association, Hot 
Springs, Va., December 10, 1946. 


647 

















DAVIS, MARTIN AND PERRET Annals of Surgery 


or bullet wounds, the most exposed portions of the plexus are usually injured: 
i.e., the 5th, 6th and 7th cervical nerves and the upper trunk of the plexus, in 
their course from the spinal column between the anterior and medial scalene 
muscles. In axillary and infraclavicular wounds the individual nerves which 
arise from the cords of the plexus and the larger blood vessels are more likely 
to be injured. We have shown experimentally that bullet or other high 
velocity missiles have an additional concussive effect which may produce vary- 
ing degrees of paralysis. Thus, immediately following injury, it is practi -ally 
impossible to determine accurately the completeness of a brachial plexus injury 
until an interval has elapsed. 

Injury to the contributing spinal nerves close to their exit from the 
intervertebral foramina or to the upper, middle and lower nerve trunks pro- 
duces a segmental distribution of the motor and sensory disturbances. The 
paralyzed muscles fall into groups which correspond with the nerve roots 


es 6 | ) 


Fic. 1.—Diagram showing the mechanism of production 
of brachial plexus lesions by blunt injury. 


from which they derive their innervation. Thus, injury to 5th and Oth cer- 
vical spinal nerves and the upper trunk will affect chiefly the muscles of the 
shoulder girdle and the upper portion of the extremity. Injuries to the 7th 
and 8th cervical and Ist thoracic spinal nerves, and middle and lower trunks, 
produce the greatest disability in the forearm and hand. Injury to the Ist 
thoracic root or spinal nerve may be accompanied frequently by a Horner's 
syndrome. Lesions of the cords produce symptoms more closely related to the 
peripheral nerve pattern of motor and sensory loss. Involvement of the lateral 
cord produces paralysis in the distribution of the musculocutaneous and upper 
portion of the median nerves. Medial cord injuries affect the areas supplied by 
the ulnar, medial cutaneous of the arm and forearm and the lower portion of 
the median nerve. The radial, axillary, subscapular and thoracodorsal nerves 
are completely or partially involved depending on the location of the injury 
to the posterior cord. However, especially in blunt injuries, more than one 
component of the brachial plexus is involved; trunks or cords may be partly 
injured and compression and pull may be produced by hemorrhage, infection 
or an aneurysm. Subsequent extensive scar tissue formation tends to impair 
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to various degrees many originally uninjured portions of the plexus and 
gives rise to disseminated and incomplete motor and sensory disturbances. 
We have studied 47 cases of brachial plexus injury, 30 of which were pro- 
duced by high velocity missiles or stab wounds and the remaining 17 by blunt 
trauma. Twenty-two of the patients were injured in civilian life and 25 while 
in military service. In six patients there was an associated injury of the 
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Fic. 2..-Schematic drawing of the main components of the brachial plexus. 


The length of time which elapsed between the injury and examination of 
the patients varied considerably. Usually, lesions due to penetrating wounds 
were observed at an earlier date after injury than those due to blunt injury, 
many of which did not seek active medical treatment for periods of three, five 
and even eight years after injury. 

A study of the segmental level of the lesion in this group of patients shows 
that the 5th cervical fibers were involved 21 times; the 6th cervical 27 times; 
the 7th cervical 26 times; the 8th cervical 29 times, and the Ist thoracic 18 
times. Complete avulsion of the roots from the spinal cord was observed in 
only two cases following severe automobile accidents and they were associated 
with spinal cord lesions. Injury to the upper trunk was diagnosed in II cases 
(five blunt, three stab and three bullet injuries), to the upper and middle 
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trunks’in two cases, to the lower trunk in four cases, and to all three in one 
case. The medial cord was involved in nine cases of gunshot origin ; the lateral 
cord in one case; the posterior cord in four cases; the posterior and lateral 
cords in two cases, and the medial and posterior cords in four patients. Eleven 
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of the lesions to the primary nerves and trunks were due to blunt stretch 
injuries and in six cases to stab wounds. Blunt trauma caused lesions to the 
cords of the plexus in five instances only, while 15 were due to gunshot 
injuries. There was one tardy paralysis involving the ulnar nerve, which was 
produced by traction on the medial cord of the plexus by the weight of the 
arm whose shoulder joint had been completely removed by a shell fragment. 

Table I summarizes the portions of the plexus found to be injured and the 
kind of injury reported in this series. 


TABLE I 


SUMMARY SHOWING PORTIONS OF PLEXUS INJURED 
AND THE TYPE OF INJURY 


Parts of Plexus Injured Blunt Gunshot Stab 
Roots (avulsion)........... sii 2 
PR RS Oink ca:6ac6:< eco-vie waniesae a 7 2 
con 2 Cae = 1 
er NE ES ak ine x bose baat “4 1 il 
co. a er rr 5 3 3 
Upper and middle........... 2 a 
BN 655 eae Gia arse dete 1 2 1 
Upper, middle and lower. .... 1 
re ee 5% 1 
ee eee Rite - 9 
PES osc She cek bs secs 2 2 
Lateral and posterior........ 2 ae 
Medial and posterior......... 1 3 
Incomplete lesions............. 1 2 


Associated injuries to the surrounding tissues were frequent. The clavicle 
was fractured in 11 cases, eight times following bullet wounds and in three 
instances after blunt trauma. The humerus was fractured and the shoulder 
joint disrupted in four cases of gunshot injuries. Fractures of part of the 5th 
and 6th cervical vertebrae were observed in one case following blunt injury 
and in one bullet wound. Associated severe spinal cord injuries were present 
in six patients, and in two associated cerebral symptoms were noted. In 
three cases the recurrent laryngeal nerve was injured on the side of the 
plexus lesion, and a Horner syndrome was observed in three patients. An 
aneurysm of the subclavian artery was present in four patients. 

As a rule, immediately following the initial trauma to the brachial plexus 
the entire affected extremity is paralyzed and anesthetic. A physiologic lesion 
may recover spontaneously and fairly rapidly. In all types of brachial plexus 
injuries, physiotherapy should be instituted at once and should be systematic 
and continuous over a long period of time, sometimes years. An attempt 
should be made to prevent contractures and deformities by proper splinting, 
massage and passive and active movements. Useful supplementary movements 
performed by unaffected muscles should be developed and when all evidence 
of regeneration and spontaneous recovery have ceased, or are unsatisfactory, 
surgical repair should be considered and carefully evaluated. 

The indications for operation on the plexus vary greatly with each indi- 
vidual case and especially when the injury is due to blunt trauma. Signs of 
spontaneous recovery must be determined for the individual nerve roots and 
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spinal nerves because the less damaged may regenerate and the more severely 
damaged ones may show no signs whatever of regeneration. Taylor,’ who 
studied a large group of obstetrical brachial palsies, advised operation six to 12 
months after the injury, depending on the amount of spontaneous recovery 
that had taken place and the severity of the lesion. While a large number of 
physicians consider brachial plexus lesions as irreparable and hopeless, most 
neurologic surgeons advise early surgical treatment. The outlook for recovery 
of function is much improved with prompt surgical repair. As time goes on, 
scar tissue becomes denser and constricts the plexus more and more, retarding 
and stopping all possibilities of nerve fiber regeneration. At the same time 
muscle atrophy progresses, joint changes occur, and in old neglected cases the 
only method to obtain some function lies in plastic operations upon tendons 
or joints. 

Every attempt should be made to liberate the plexus from the surrounding 
scar tissue by freeing and identifying the individual roots, trunks, cords and 
nerves, to resect the scar tissue and neuromas and to obtain an end-to-end 
union of the ruptured nerves. This is often difficult, and at times impossible, 
because of the amount of scar tissue and contractions present, especially in old 
neglected lesions, or when the roots are avulsed from the spinal cord or torn 
within or near the intervertebral foramina. The experimental promise of 
properly used nerve grafts is particularly applicable to these injuries. The use 
of nerve grafts may be indicated where a loss of nerve substance is present and 
when end-to-end apposition is not possible. Autogenous grafts of the desired 
size are rarely available and consequently fresh homogenous grafts should be 
used. In some instances resection of the middle third of the clavicle will make it 
possible to secure a better end-to-end apposition of the severed nerve seg- 
ment. It has also been suggested that the severed distal segments of the 5th 
or 6th cervical roots which can not be sutured to their proximal segments, be 
sutured to the sectioned ansa hypoglossi. At operation, the entire brachial 
plexus should be explored, the anterior scalene muscle and the clavicle divided 
if necessary, and proper electrical stimulation of the exposed nerves employed 
to detect the injured nerves. Neurolysis was performed in 20 of the 22 civilian 
patients and in three, end-to-end suture of the severed 5th cervical spinal 
nerve, or the upper trunk was performed. Bone and metallic fragments which 
encroach upon the plexus should be removed, and in our cases of aneurysm 
of the subclavian artery, the artery was ligated without any untoward effect. 

In old neglected lesions, the scar tissue may be so dense that even neurol- 
ysis becomes impossible and the segments of the severed nerves can not be 
identified, or the plexus roots are avulsed from the spinal cord making suture 
impossible. In such cases no improvement in function can be expected from 
the exploration of the brachial plexus. However, other surgical procedures 
should be used to obtain the optimal position of function for the extremity. 
The most gratifying result follows the shortening of tendons of paralyzed 
muscles or the implantation of tendons of normal muscles into the distal ten- 
dons of paralyzed muscles. These plastic operations help to bring the hand, 
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for example, into a position of optimal usefulness, or may bring about some 
dorsiflexion in a hand of an extremity in which all of the extensor muscles 
are completely atrophied and fibrosed. Shortening of the tendons of over- 
stretched paralyzed muscles and implantation of normal tendons into paralyzed 
ones has been undertaken in five of the 47 patients. They all had irreparable 
injuries of several years’ duration—two of them of eight years’ duration—and 





Fic. 5.—Supplementary movements which permit abduction of the arm 
following a lesion of the 5th and 6th cervical nerves, with paralysis and 
atrophy of the deltoid muscle. 


were, thus, able to develop supplementary movements which greatly im- 
proved the function of an otherwise useless extremity. One of them was a 
27-year-old male who had a complete paralysis below the 5th thoracic level, 
due to a severance of the spinal cord, and who also had an irreparable lesion 
of the posterior cord of the right brachial plexus which resulted in a complete 
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paralysis of all the extensor muscles of the forearm and hand. He had good 
function in the flexors of the hand and fingers. The distal tendon of the flexor 
carpi ulnaris was sutured into the distal tendons of the paralyzed extensor 
digitorum communis and extensor digiti quinti, the tendon of the flexor carpi 
radialis was sutured into the distal tendons of the paralyzed extensor pollicis 
longus and brevis and abductor pollicis, and the tendon of the pronator teres 
was implanted into the distal tendon of the paralyzed extensor carpi radialis. 
This procedure gave the patient a useful hand, weakening only slightly the 
flexion movements but producing enough extension to allow him to write, hold 
objects in his hand and use them in an adequate manner (Fig. 4). 

Physiotherapy is of the utmost importance in the care of the involved 
extremity, with or without surgical repair of the lesion. Its aim is to prevent 
the weight of the paralyzed portion of the extremity from overstretching the 
paralyzed muscles and nerves, to improve the tone of the skin and muscles, 
to keep the joints mobile and prevent ankylosis and deformities, and to help 
motion by substituting the use of normal muscles for movements usually per- 
formed with the paralyzed muscles (Fig. 5). These treatments consist of 
light massage and passive motions first, and later, when recovery takes place, 
of more extensive massage, passive and active exercises. A splint should be 
worn as long as overstretching or contractures of muscles is not overcome by 
either recovery of function in the paralyzed muscles or the development of 
adequate supplementary movements. 

The results of the surgical treatment of brachial plexus lesions are, on the 
whole, not as good as those of peripheral nerves. The distance between the 
site of the lesion and the muscles and skin involved makes nerve regeneration 
a slow and prolonged process. Therefore, the end-results should not be eval- 
uated finally for several years after repair. It is also obvious that neurolysis 
and nerve suture performed upon the plexus can not be done as extensively 
and accurately as upon a single peripheral nerve trunk. However, Foerster,! 
who performed 29 sutures and 17 neurolyses on 39 patients, reported satis- 
factory results in the majority of them and, in many instances, complete 
recovery. He reported failures in three cases of suture, and in three other 
cases he was not able to suture the nerve trunk following too wide a resection 
of neuromas. Six of our patients, who were injured in civilian life, have had 
careful and accurate follow-up examinations over a long period of time, and 
three have had complete functional recovery, one was greatly improved, and 
two showed little improvement. The majority of the civilian patients in the 
series came under our care too long after injury, when the effector mechanisms 
had been totally destroyed by fibrosis and ankylosis. An insufficient length of 
time has elapsed in many of the patients injured in military service, and the 
follow-up mechanism is not functioning sufficiently well as yet, to report 
accurately upon the results of the treatment in these patients. Estimations of 
the recovery of function in all peripheral nerve surgery must be based upon 
the recovery of sensation in isolated areas of supply and upon the recovery of 
movement in muscles whose action cannot be imitated by supplementary 
movements. 
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It is our opinion that the best possible resu!ts following brachial plexus 
injuries may be obtained by operation as soon as the acute effects of injury 
to the soft parts have subsided. During this interval full advantage must be 
taken of physical therapy. Then, patients with any residual paralysis should 
be operated upon. Depending upon the character of the lesion found, all scar 
tissue should be excised, and, if possible, resection of the neuromas and end- 
to-end suture of the divided nerves should be performed. If end-to-end suture 
is not possible without undue stretching, there is sufficient experimental evi- 
dence to justify the use of fresh homogenous grafts for the bridging of con- 
tinuity defects. The surgical treatment of complete avulsions of nerve roots is 
hopeless. In irreparable nerve lesions, tendon shortening and tendon trans- 
plantations should be performed. 
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Discussion.—Dr. Barnes WoopHaLt_, Durham, N. C.: Doctor Davis has presented 
one of the most perplexing and difficult problems in peripheral nerve surgery. I have 
nothing but admiration for the context of his paper, and I should like to make simply a 
few comments concerning certain studies to be carried out in this field in the near future. 
| am sure that the members of this Association, so many of whom have been interested 
in military neurosurgery, will be glad to know that the N-=tional Research Council and 
the Veterans Administration have now embarked upon a long-time study of nerve 
regeneration in injuries sustained in the recent war. I am particularly happy to announce 
that Doctor Davis and Doctor Pollock, and others of their groups in Chicago, will par- 
ticipate in this study and head one of the five Study Centers. I am sure that we will not 
only learn a great deal about this phase of military neurosurgery but that we shall 
also gain some knowledge that can be applied to the treatment of civilian injuries of a 
similar character. 
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SHOULD THE NECK NODES BE DISSECTED IN PATIENTS WITH 
CARCINOMA OF THE LIP?* 
Roy D. McCuure, M.D., anp Conrap R. Lam, M.D. 


Detroit, MicHi1GAN 

FROM THE DIVISION OF GENERAL SURGERY OF THE HENRY FORD HOSPITAL, DETROIT, MICHIGAN 

SHOULD THE NECK NODEs be dissected as a prophylactic measure, when 
there is no palpable evidence of malignant involvement? The senior author’s 
early training in Baltimore, at a time when a strong conviction was prevalent, 
would lead him to answer yes. However, the question is brought up at this 
time because of an increasing diversity of opinion in the literature and certain 
facts from our own experience. 

To try to get help on this problem from our own perhaps too limited 
material, we have reviewed the histories of all patients with carcinoma of the 
lip registered in our Tumor Clinic. As a correlative study, we have also 
looked-up the patients with squamous cell carcinoma of other parts of the 
face and scalp. This study was facilitated by our almost perfect follow-up 
system, which is under the direction of Dr. Arthur B. McGraw. 

The Material——Seventy-nine carcinomas of the lip and 97 squamous cell 
carcinomas of other parts of the face and head were included in the study, 
a total of 176 cases. The rarity of carcinoma of the upper lip, and of car- 
cinoma of the lip in the female, was again demonstrated ; there was only one 
clear-cut carcinoma of the upper lip, and only one carcinoma of the lip in a 
woman. Could rouge or lip stick be a preventive factor? This last fact is 
more remarkable when it is noted that almost half (42 out of 97 cases) of the 
lesions elsewhere on the face were in females. The disease is not on the 
decrease, as will be seen in Table I, which indicates the number of cases seen 
in five-year periods. 

Pathology.—All of the carcinomas of the lip were squamous cell lesions. 
A few cases indexed as lip lesions were basal cell epitheliomas, but scrutiny 
showed that they were more properly called carcinomas of the face near the 
lips. We have assumed that carcinoma of the lips should include only those 
lesions which have their origin on the vermilion border or at the muco- 
cutaneous junction. Most of the lesions in the series were graded according 
to the Broder’s classification. Thirty were Grade I, 40 were Grade II, two 
were Grade III, and two were Grade IV. Five were not graded. 

Interval before Treatment.—Ten patients had observed the lesions less 
than 3 months; 10, from 3 to 6 months; 12, from 6 to 12 months; 14, from 
t to 2 years; and 10 for more than 2 years. In 23 patients, a definite history 
of the interval was not obtained. Fourteen patients had received previous 
treatment of some sort, including “burning,” radiation, excision, and chemo- 
surgery with zinc chloride (method of Mohs’). 

Methods of Treatment.—In Table II, it will be seen that the treatment 
of carcinoma of the lip has been chiefly surgical. Radiation in some form 
was used in a few cases, either as the sole treatment of the primary lesion vr 
as an adjunct to surgery. The cervical nodes were occasionally irradiated, 





* Read before the 58th Annual Session of the Southern Surgical Association, Hot 
Springs, Va., December 10, 1946. 
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either prophylactically or therapeutically. The operation upon the lip was 
usually a V-excision, but where the growth was large, the usual plastic pro- 
cedures were utilized. The neck dissections were limited to the suprahyoid 
region—the so-called upper neck dissection. 


TABLE I 
CARCINOMA OF THE LIP 
Five-year Periods No. of Cases 
ER a ro cow cane aaa ewe hae mba k ° 4 
eas ocala cates Pe 12 
Rs: 0kind bo kk oe aen ees pid Sag 5 
IE 205 als srg van ih hes AES HA le eo : 14 
I ie: ie- ct soko ek bio sw kth ese 26 
1945- ee SR ae ee en a ee 18 
, ea Sade RECON Sree eee 79 
TABLE II 
Followed Died of Lost or Died of 
Less than Cancer, or  Intercurrent 
5-year 3-year 3 Years Alive, with Disease 
Method of Treatment Cures Cures but Well Recurrence Before 5 Years Total 
Local e«cision only........... 10 5 18 0 0 33 
Excision and radiation........ 5 its 1 te 1 7 
NNER GIF so occ cinigsicccas 2 “a 1 1 1 5 
Excision recurrent tissue...... ae a ae 3 3 
Excision and immediate neck 
node dissection............. 10 3 5 5 Pe 23 
Excision, neck node di section 
IR a nics eek wikia « 1 aia 1 3 os 5 
Radiation and late dissection 
UE OI 650 a6 ede ccas ; 1 ss ‘5 2 6S 3 
ee ee - 29 8 26 14 2 79 


The results of the several forms of treatment are tabulated in Table II. 
Most of the categories of treatment contain too few cases to make it sensible 
to compute percentages of five-year cures. Nevertheless, it may be stated 
that there have been no deaths from cancer in those cases selected for treat- 
ment by excision only. There were 15 five-year cures and an additional five 
patients who were well at least three years after the simple operation. There 
were eight cancer deaths among 28 patients who had excision plus neck node 
dissection. It should be noted that at least one of the patients who had a late 
neck node dissection after the primary lesion was treated elsewhere was a 
five-year cure. 

Thirty-one patients had lymph node dissections, and the results in this 
group are shown in Table III. The nodes were microscopically-positive in 
only 7 of the 27 cases in which the procedure was done at approximately the 
same time as the primary operation. Apparently, the operation was unneces- 
sary in the 20 patients in whom the nodes were negative. It is notable that 
four of these patients subsequently died of carcinoma, hence, the operation 
does not appear to give a high degree of protection. One of these four 
patients died of generalized abdominal metastases, without evidence of re- 
currence in the lip or neck. 

It happens that there were no operative deaths among the 31 neck dis- 
sections for carcinoma of the lip, but the only time the procedure was carried 
out for carcinoma of the cheek, an operative death resulted. The cause of 
death was asphyxia from laryngeal edema and hemorrhage. Incidentally, the 


659 











McCLURE AND LAM Annals of Surgery 


ay, 


nodes which were removed at the unfortunate operation were microscopically- 
negative for malignancy. Others have reported alarming mortality rates, such 
as 11.4 per cent,” and 6.9 per cent. On the other hand, there is a series 
reported in which there was only one death in 549 operations—a_ remarkable 
record.* 


TABLE III 


Total Lived Died Ca. 
Immediate dissections: 
NOGED MEMRRIVE. ....... 6c ccceecs 20 16 4 
Nodes positive............ 7 3* 4 
Late dissections: 
INNGUES POMLIVE... 6k kc e ease 4 1 3 


* One 20-year cure; one 3-year; and one 1-year. 

Only three patients are alive who had positive nodes removed. One oi 
these is a five-year cure. He is well 20 years after operation. However, 
this procedure was not done as a purely prophylactic measure, since the history 
states that the nodes were palpable and carcinoma was suspected. The oper- 
ating surgeon states that it was his policy, at the time, not to remove the 
nodes unless he thought they were involved. There was a three-months 
delay between the primary operation and the neck node dissection in the 
patient with the three-year cure. We have been unable to establish, with 
certainty, whether the surgeon believed these nodes to be malignant before 
operation. In the case of the patient who has been followed for one year, the 
nodes were palpable at the time of operation. The lip lesion was large, meas- 
uring 3 cm. x 4 cm.—a neglected tumor. 

A review of the literature on the subject reveals a divergence of opinion 





regarding the advisability of routine node dissection. Three years ago, in a 
paper read before the Southern Surgical Association, Brown and McDowell, 
of St. Louis, stated: “It is thought that the rule should be to undertake dis- 
sections in patients with primary carcinoma of the lip or mouth. Deviations 
of care of individual patients should be away from this rule rather than making 
it a last resort.” This seems to be the attitude of the Mayo Clinic, since 
New® said: “If definite epithelioma of the lower lip can be determined clin- 
ically, I feel that it is better to perform a wide V-shaped excision, which 
should be followed by removal of the lymph nodes of the neck.” 

Holding opposing views are such writers as Martin’ of the group at 
Memorial Hospital in New York. He stated: “We do not agree with the 
principle of giving prophylactic treatment to the neck either by surgery or 
radiation in the absence of palpably involved nodes.”” A recent study of 56 
five-year cures, by Whitcomb,® of Philadelphia, caused him to remark: 
“Prophylactic treatment of the lymphatics of the neck by surgery or roent- 
genotherapy is not necessary because most cancers of the lip do not develop 
metastatic nodes. Follow-up examination of the neck is the ideal form of 
treatment.” Taylor and Nathanson,® of the Huntington Memorial Hospital, 
operated by the Cancer Commission of Harvard University, studied 616 
cases, of which 411 patients had neck dissections. They concluded: “In cases 
without palpable lymph nodes or with lymph nodes less than 1 cm. in size, 
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provided this group of cases can be followed carefully, there does not seem 
to be sufficient likelihood of the development of cervical metastasis to warrant 
routine dissection.” 

The results reported by some centers using only radiation are impressive. 
For example, Schreiner and Christy’ has a 93.9 per cent cure-rate among the 
determinate cases in 334 patients in whom there were no palpable nodes, 
and &5 per cent-rate where there were nodes, some of which were thought 
to be malignant. Radiation treatment is preferred at the New Haven Hos- 
pital, according to a report by Lawrence and Oughterson.'’ Lymph nodes 
are dissected only if they are palpable. 

It is frequently stated that if one routinely removes the axillary nodes 
in carcinoma of the breast, one should be consistent and remove the cervical 
nodes in carcinoma of the lip. However, it is not unlikely that carcinoma of 
the lip is more like carcinoma of other exposed parts of the face (nose, chin, 
cheek, etc.) than it is like carcinoma of the breast. In our series of 97 
squamous cell carcinomas of these parts of the face, a strictly prophylactic 
dissection was done in only one case, and that patient died an operative death 
(edema of the larynx). The results of conservatism in the other cases were 
excellent, since 90 per cent of the cases followed five years were well, and 96 
per cent of those followed three years were well. Only the long-standing, 
neglected cases were not cured by adequate excision of the primary tumor. 

In conclusion, we will state that we do not claim to have the final answer 
to the question propounded in the title to this paper. However, as a result 
of this study, we have adopted the policy, for the time being, that it is un- 
necessary to carry out neck node dissections in patients with small, early 
carcinomas of the lip, if there is no palpable evidence of node involvement. 
However, such patients will be followed carefully, the neck being examined 
every month for one year, and every two months for the second year. If a 
metastatic node appears, a dissection will be undertaken. 
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THE PRESENT STATUS OF THE LEG LENGTH 
DISCREPANCY PROBLEM* 


J. Warren Waite, M.D. 


GREENVILLE, SoutH CaROLINA 


As THE TITLE INDICATES the purpose of this discussion is to call attention 
primarily to what can be done about the short leg rather than to go into the 
details and complications of various technics. 

As our surgical ability improves we find we can do such impossible things 
as were mentioned in Biblical times. “By thought alone we cannot add a cubit 
to our stature,” is a quotation from the Sermon on the Mount. Yet we can, 
by painstaking effort, literally and figuratively, by the patient and the surgeon, 
respectively, increase our height a few inches. 

In the first place as we appreciate the natural adjustments that our spine, 
pelvis, and lower extremity can make with impunity if one leg is shorter than 
the other, the indication for surgical interference is occurring less and _ less 
frequently. As further progress in methods of nonsurgical growth stimulation 
and retardation are discovered, even less surgery will be required in the solu- 
tion of this problem where organic discrepancies exist during the growing 
period. 

Of the major deformities of the body, perhaps the short leg as an entity has 
received less space in the literature than any of the others. The explanation of 
this probably lies in the fact that until the growth arrest conception was orig- 
inated by Phemister, both the leg shortening and the leg lengthening elective 
procedures were of sufficient severity and carried with them enough risk to dis- 
courage their routine performance. Now, with the growth arrest technic, if 
the afflicted child is seen early enough and if the deformity is not too severe, 
leg equalization can be approximated, with a relatively minor operation prop- 
erly timed, at growth maturity. 

More importance, however, the writer feels, has been placed on the effects 
of moderate leg length discrepancy than is justified, particularly as regards 
back pain and the development of scoliosis. A limp is altogether too fre- 
quently attributed to a discrepancy when it really is produced by an unappre- 
ciated hip deformity or a muscle function impairment rather than an actual 
difference in length. 

Many individuals with as much as two inches, or even more, discrepancy 
in leg length can walk without a limp, while others with no discrepancy at 
all, but with some condition such as a mild spastic hemiplegia or even an 
old-time “sciatic scoliosis,” now known better as one of the discogenetic syn- 
dromes, walk with a bad limp, too frequently attributed to a short leg. We 
usually are fooling ourselves when we employ lifts on heels for mild or fancied 





* Read before the 58th Annual Session of the Southern Surgical Association, Hot 
Springs, Va., December 11, 1046. 
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shortening of a leg in a patient with low back pain. They do no harm, how- 
ever, and often help as a placebo while trying to work out a more rational 
diagnosis and program of therapy. A great many of us in this audience have a 
quarter of an inch or more shortening without our being cognizant of it. 

In discussing the short leg or the long leg, it is, of course, assumed that all 
organic or functional deformities have been corrected or at least taken into 
consideration in deciding a course of action. For example, an adducted 
ankylosed hip ordinarily should be corrected or accepted for other solution if 
correction is deemed inexpedient. Likewise, a painless freely movable hip in 
an adult with two or more inches shortening possibly from a fracture may be 
better off with a leg equalization procedure than the open reduction ordinarily 
required. In fixed pelvic obliquities due to a scoliosis such as occurs in severe 
polio problems, a shortening procedure will frequently be the solution of choice 
rather than the correction of the more difficult, and not infrequently inoper- 
able, spinal deformity. We must also remember that an ankylosed hip in good 
position is usually accompanied by a better result than the average arthro- 
plasty. 

A technic for measuring leg length discrepancies as accurately as possible 
should be developed by all surgeons carrying on this work. There is so much 
chance for error in the conventional tape line measurement from the anterior 
superior spine to the internal malleolus, that the author feels strongly it should 
be avoided. A roentgenologic technic has now been used for 12 years, with 
satisfaction by the author.’ It consists essentially of taking films of the pelvis 
with both feet pressed firmly down on a supporting shelf on the table on which 
roentgenograms are taken. A permanent graphic record of adequate accuracy 
is thus available for immediate and future reference. 

The infrequency of articles appearing in the literature on this general 
subject until the second decade of the present century shows the formidability 
with which the surgical procedures were rightfully considered. Both Rizzoli, 
in Italy, and the elder Sayre, in this country, have been given credit for at 
least seriously considering the leg length discrepancy problem, but there is 
considerable justifiable doubt whether in those prelisterian days, i.e., the mid- 
dle of the 19th century, that they performed the shortening procedures they 
advocated. Steindler™ gives Rizzoli of Bologna, Italy, undocumented credit 
for carrying out the idea in 1847. After Codavilla’s!” article, in 1905, on leg 
lengthening, Magnuson’s contribution,’ in 1908, was the only one in American 
literature before 1910. Putti’s paper,'* in 1921, laid the groundwork for 
Abbott’s* important contribution six years later, in 1927. Putti, in his 1921 
paper, substantiates this statement of Steindler but gives no date and urges 
anatomic lengthening procedures as more befitting improved surgical technic. 
Codavilla, appropriately from the Institute Rizzoli, in Bologna, probably read 
the first paper reporting lengthening procedures in America in 1905, but most 
of his cases were for malunion of fractures except for one coxa vara. Codavilla 
is given credit for first using skeletal traction through the os calcis. to obtain 
the required force needed for the correction of these deformities. 

The first paper on femoral shortening, in America at least, was written by 
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Fassett™ in 1918. In it he recommended the step-cutting segment procedure, 
which the author feels is unjustifiably complicated and which is still being 
done too often, frequently to the detriment of the patient. 

In equalizing leg length differences other than functional adjustments 
already mentioned, four procedures are possible: First, the long leg can be 
shortened; second, the short leg can be lengthened; third, in children, the 
growth of the long leg can be retarded ; and, fourth, the growth of the short leg 
can be stimulated. Generally accepted procedures have been devised for the 
first three mentioned, but to date no practical method has been contrived to 
stimulate longitudinal bone growth. It is known that chronic inflammation 
such as osteomyelitis or even a fracture of the long bones, particularly the 
femur, will produce enough prolonged hyperemia to materially stimulate 
growth. In a fracture of a femur in a child, at least half an inch excessive 
growth can be expected during the year following consolidation, regardless of 
the amount of actual shortening or deformity that exists. 

In most chronic osteomyelitis cases of the lower extremity as well as frac- 
tures of the long bones, leg length studies are made at the Shriners Hospital, 
in Greenville, South Carolina. The greatest difference in leg length attribut- 
able to chronic inflammation in observing several hundred cases has been 
three inches. 

The article of Abbott’s,? in 1927, was the most detailed scientific treatise 
on leg lengthening. This was followed by the author’s article? in 1930, 
describing a simpler technic, employing the turnbuckle plaster procedure. A 
fundamentally valuable contribution to the discrepancy problem was that of 
Phemister’s* on growth arrest, in 1933. Several articles on femoral shortening 
had appeared before the author’s* article, in 1935, but none had advocated the 
extreme simplicity of the overlap technic before that time. 

No paper has yet appeared on the unsolved fourth method of attacking 
this problem; namely, the stimulation of growth of the short leg. Let us hope 
that before long some safe, easily and inexpensively-applied procedure may be 
used to simulate the chronic hyperemia associated with severe trauma and 
chronic osteomyelitis which has been found to stimulate excessive growth. 

The writer, in 1940, did some unpublished animal experimental work on 
the retardation of growth by heavy roentgen-ray doses, but found, at that time, 
that the factor of safety between any worth while retardation effect and normal 
tissue destruction was too limited to make its use justifiable. Barr of Boston, 
the author understands, is about to publish a report on his experimentation 
on animals on the possible employment of the roentgen ray for retarding 
growth. Haas’ recent contribution on wiring the epiphysis to the diaphysis 
has been continued by Blount who uses staples instead. The purpose of this 
work is to use a mechanical means of stopping growth rather than the destruc- 
tion of the metaphyseal plate and to be able later to release this momentary 
stoppage and have the growth then continue. 

The rationale of Haas’ idea, admittedly in the experimental stage, is ques- 
tioned by the author of this paper, as he feels that the growing force of the 
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entire metaphyseal plate is stronger than the local restraining action of the 
staples. We are looking forward to Blount’s report on the important work he 
is carrying on along this line. 

In discussing the various merits of the three procedures mentioned above, 
the author is of the opinion that the growth arrest operation on the distal 
femur, if the age of the patient permits an adequate correction at maturity, is, 
by far, the most satisfactory, and if done correctly is attended by fewer com- 
plications. For over a 12-year period, the author, assisted by various collabo- 
rators—four to be exact (Warner,® Stubbins,® Turkell, and Brewer )—have, 
with satisfaction, performed routinely a modified Phemister technic which has 
stopped growth at the distal metaphyseal plate of the femur or the proximal 
metaphyseal plate of the tibia and fibula, or both, as the occasion requires. He 
still uses the modified Phemister technic, and in only one instance has a de- 
formity sufficient to require surgical correction been recorded. At the start 
of this work, in our enthusiasm, 12 cases were arrested prematurely, and a 
similar procedure had to be performed on the “short” side. By employing the 
simple arithmetical formula for the correction recommended if the operation is 
done early, satisfactory correction can be expected. 

We still figure on three-eights-inch correction per year on the distal femur 
and one-quarter-inch on the tibia and fibula, and that, in girls, growth can be 
expected to stop at 15 years of age and, in boys, at 16 years. Further investi- 
gation regarding full height attainment is being carried out at the present time, 
and it is felt probably that the bone maturation age is put a little low in boys, 
and it will probably be raised to 17 years. People just seem to grow faster in 
the south. (Todd’s Atlas™ is employed in figuring growth maturation. ) 

Except for the fact that it must be limited to children, Phemister’s con- 
tribution, in 1933, is perhaps the most important of all. The simplicity of 
the procedure merits high commendation although experience has taught us 
that an exact operation must be done at the right time, and that records more 
accurate than most clinics are capable of keeping are essential. 

Let us hope that, in the not too distant future, some method not requir- 
ing hospitalization will be devised that will accurately and safely stimulate 
hyperactivity of the metaphyseal plate on the short side and in larger or differ- 
ent doses retard growth on the long side. 

Many points, notably the accurate calculation of the time of the expected 
cessation of growth, are to be worked out in the growth arrest problem. But it 
is felt that, at least at present, this is the most appropriate method of solving 
the discrepancy problem where the age of the patient allows it. Roentgeno- 
grams are made six months after the operation for the first year, and then 
annually after that. During the first year little improvement can be expected 
as the operation itself on the epiphyseal plate tends to stimulate growth in 
the other epiphyses particularly. After this, regular correction can _ be 
expected until growth ceases or unless some growth-disturbing incident 
intervenes. 

While it, admittedly, occurs rarely, the author believes that a bilateral 
growth arrest is justified on an individual who, according to family tendencies, 
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will become excessively tall. He has never done this, but Steel, of Pittsburgh, 
has done the more drastic femoral shortening. 

In a few instances multiple procedures are justified, particularly when the 
remaining period of growth is not sufficient to allow the retardation rate to be 
effective in time. Here, both femoral and tibial epiphyses either side of the 
knee can be arrested simultaneously, and in an occasional case even this com- 
plicated procedure can be supplemented by a femoral shortening on the 
same side. 

In performing the femoral shortening on children it must be remembered 
in figuring the amount of shortening that the very operation is a stimulus to 
growth and not infrequently a full inch extra growth occurs, nullifying pos- 
sibly to 50 per cent, the result obtained by the shortening. It is advisable, 
therefore, when shortenings are done during the growing period that growth 
arrests should be done at the same time. 

While it is true the esthetic disadvantage must be seriously considered, it 
is strongly felt that the added risk of lengthening procedures, except in the 
case of rare instances, is not worth taking. A large portion of these cases are 
in polio cases, where usually the lowered center of gravity improves the general 
stability of the patient. 

In closing, it is felt that at this time the following comments are justified : 

1. The best way at present to effect equalization in leg length where a 
patient is in the growing period is to employ single or multiple growth arrests 
at a time determined by careful calculation. 

2. In adults the femoral shortening procedure is justified in selected cases, 
even in children, if growth arrests are performed, realizing that the operation 
carries with it very definite hazards. 

3. In children and adults leg lengthening procedures are very occasionally 
justified even by the experienced surgeon, who carefully balances the definite 
hazard with the indications. 

4. It is hoped that, in the not too distant future, a safe practical method 
for bone growth retardation and stimulation will be formulated. 
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Discussion.—Dr. R. W. Jounson, Baltimore, Md.: I have been much interested in 
Doctor White’s paper, because I have always felt he had the last word to say about 
epiphyseal arrests and shortening. I have fortunately been in the middle ground, as I 
also admire Roy Abbott’s bone lengthening technic, which is a beautiful surgical pro- 
cedure. I have done both, and at the cost of some labor and much anxiety; I think both 
have their uses and indications and contraindications. I would rather do a shortening or 
arrest procedure. I think it is easy, and simplest of all in the polio cases when you get 
the patient young and know what the shortening will be. I think this arrest procedure 
as performed by Doctor White is best, and in the later cases I think his bone shortening 
also offers the most simple procedure. But the Abbott operation has a definite place in 
polio cases where most of the shortening is in the tibia below the knee, where it becomes 
so much shorter compared to the other leg and to the upper leg as well. These cases 
with very little tissue in the calf muscles give an opportunity to get lengthening without 
loss of muscle power, and here, to my mind, leg lengthening is the procedure of choice. 

I often lose heart myself in this operation’s convalescent period, because it seems a 
formidable procedure, with turning turnbuckles, etc. But when you ask the patients at 
the end of a year whether they feel it is worth while, they all seem to feel it is. So I 
think we must balance the procedure against the ultimate results for the patient, and 
choose carefully between “good leg” shortening and “bad leg” lengthening in the polio 
cases especially. I do not think a full-muscled leg should ever be lengthened. 


Dr. Braptey L. Cottey, New York City: One measure that can be taken by the 
profession to prevent unnecessary shortening of a limb is to avoid the use of roentgen-ray 
therapy for bone cysts and other benign lesions of bone occurring near the epiphysis in 
children during the period of bone growth. We have seen a number of instances in which 
such use of roentgen-ray therapy (this was in the early days when it was widely used 
for a variety of bone lesions, both benign and malignant) was followed by considerable 
shortening. Unless one follows these children to maturity the importance of this inter- 
ference with bone growth may be overlooked. 

While such an event is no doubt comparatively rare, we have observed three cases 
of bone cyst, followed for periods of from 12 to 15 years after roentgen therapy, which 
developed sarcomatous alteration in the involved area. In two of these cases an inter- 
scapulothoracic disarticulation had to be performed, and in the third, pulmonary metas- 
tasis occurred before a hipjoint disarticulation could be considered. 


Dr. J. Atpert Key, St. Louis, Mo.: I want to ask Doctor White how late in life 
he does this overlap. It seems to me that if a child is young enough for an overlap an 
epiphyseal arrest is indicated. 

Where shortening is indicated I prefer a step-cut or oblique resection. My last 
shortening was done with a Blount blade plate. This was in a large girl, age 109, and the 
operation was quite difficult. 


Dr. Paut B. Macnuson, Chicago, Ill.: Having become a bureaucrat, I do not 
know whether I should say anything about surgery, but I did my first leg lengthening 
operation some 30 years ago, and that patient promptly died. I used very bad judgment 
in that case; the child was too young and I did not have the proper apparatus. There 
was too much hemorrhage and shock. After that I confined my attention to leg length- 
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ening on older patients. I like the step-procedure, but I do not trust to cross strain-bearing 
screws without any provision for end-bearing thrust to resist the pull of muscles. I do 
not think one can counteract the pull of the strong muscles in the leg without some 
form of plug between the ends of the fragments. Doctor White’s case in which the 
screws were broken is an example of what the muscles of the thigh will do if they are 
allowed to work 24 hours a day without countertraction, and if countertraction is not 
provided the pull of the muscles will break almost anything which is put in. 

I feel that I have done my last leg lengthening operation. It is more sensible to do 
a growth arrest. I do not think either patient or doctor gets much satisfaction out of one 
inch difference following operation. I have lengthened legs more than that; in three, 
toe drop resulted—which finally cleared up—but I do not think the amount of lengthening 
that can be attained safely pays for the risk and the amount of agony to which the patient 
is subjected. It is much safer to have a growth arrest or a shortening operation on the 
other leg. I see no reason for doing a lengthening operation of this sort on growing 
children. When growth is attained the bones are easier to handle, shock can be more 
easily dealt with, and one can actually judge whether it will be worth while to level the 
patient’s pelvis by lengthening one leg or shortening the other. I do not think we want to 
operate unless there is assurance of some permanent value to the patient. 


Dr. J. WarREN Wuite, Greenville, S. C. (closing): I appreciate these discussions 
very much, and I think we can answer some of these questions. I am glad to say that 
Doctor Johnson and Dr. Roy Abbott are still sticking to the leg lengthening procedure 
more than the rest of us, as I think some of us should still be doing it. I recently asked 
Doctor Abbott what his opinion was now about this procedure and he said he felt that 
the lengthening procedure in polio cases should be considered in certain cases. We have 
also seen the effect of roentgen-ray on a local tumor mass, where growth disturbance 
has resulted. 

Doctor Key is still paying too much attention to the appearance of the roentgenogram. 
I have had a good many letters from surgeons from various parts of the country, criti- 
cizing me for suggesting this shortening procedure, and, in correspondence with them, I 
have found that they have invariably done more than minimal requirements; the simpler 
the operation is, the better it is. If we do the step-cutting operation, that means these 
bone ends have to be accurately shaped so as to make them fit fairly decently. This 
procedure complicates the operation, and if you know it is going to come out all right, if 
you do not devote time to that, it is an unnecessary part of the technic and I think it can 
be safely skipped. In a few years the roentgenograms all look the same. 

The oldest overlap procedure I have done is in an individual who went on Saturday 
night binges too often, and I was tired of repairing pathologic fractures of the femur, 
as he never seemed to get good solid union. He had lost the other leg, so length compen- 
sation could be easily taken care of. I thought that if I reduced his height, he would not 
be so likely to fracture that bone when he fell. I overlapped it three inches and screwed 
the bone together. That is five years ago, and I have not heard from him since. 

The Blount procedure, which Doctor Key is not so enthusiastic about, I think has a 
definite place in cases where we want maximum shortening in a large thigh. It is hard 
to close the wound satisfactorily when the overlap is done in the middle third; there is a 
mass of muscle difficult to confine in a small space. If a shortening of three inches just 
below the trochanter is performed, using the blade plate, advantage of the extra space in 
the upper thigh can be taken, and the wound will come together with much less tension. 

In regard to Doctor Magnuson’s idea that shortening should not be done in children, 
I agree with him absolutely, but so often we get these children so late that something more 
than growth arrest must be done. The growth arrest is not as complicated as Doctor Key 
seems to think, but it has to be done adequately as well as timed correctly. It is well 
within the surgical ability of even a surgeon not particularly skilled in these procedures. 
The solution of the mathematical problem must be done correctly, and should be checked 
by some other interested surgeon. The final responsibility of these cases should be vested 
in one member of the clinic staff. 
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ANALYSIS OF PELVIC OPERATIONS 
PRECEDING HYSTERECTOMY* 


CAUSAL RELATIONSHIP 


Curtis Tyrone, M.D. 
New Orteans, La. 
FROM THE DEPARTMENT OF GYNECOLOGY, TULANE UNIVERSITY SCHOOL OF MEDICINE AND 
THE DEPARTMENT OF OBSTETRICS AND GYNECOLOGY, OCHSNER CLINIC, NEW ORLEANS, LA, 

THE INCREASE in the number of hysterectomies being performed has 
become a current source of widespread criticism. It is not my purpose to 
defend either side of such a controversy but rather to call attention to the 
number of hysterectomies which have become necessary as a direct result of 
previous operations upon the pelvic organs. A critical study of 1,048 consecu- 
tive cases of hysterectomy performed by me on private patients over a period 
of 15 years at Touro Infirmary has been made. It was found that previous 
pelvic operations were directly responsible for the subsequent necessity for 
removal of the uterus in 436 cases (Table 1). This is to say that 41.6 per cent 
of the total number of hysterectomies performed by me during this period were 
indicated because previous operations upon the pelvic organs had failed to 
accomplish their purpose. 

It is not my intention to condemn pelvic operations in general. Instead, 1 
would like to call attention to the importance of making a thorough study of 
the symptoms of these patients before operation and to emphasize the desira- 
bility of selecting the surgical procedure which will not only relieve the patient 
of her symptoms but also obviate the need for subsequent operation as much 
as possible. 

It is, of course, the earnest desire of every surgeon when advising a pelvic 
operation to relieve the patient of her symptoms but at the same time to pre- 
serve the organs of reproduction. However, not one of the 436 patients in this 
series subsequently became pregnant. Thus, this important function of the 
uterus was not fulfilled and the uterus remained only to produce a train of 
symptoms which necessitated a second operation. It would appear, then, that 
the wiser course in such cases would be removal of the uterus when the 
patient originally consults the physician regarding such symptoms. 

It seems to me that too much emphasis has been placed on the importance 
of menstruation. It is true that the function of the uterus is childbearing, with 
menstruation of secondary importance, but too often we encounter women upon 
whom the surgeon has performed a pelvic operation in an attempt to conserve 
the uterus, but he has not corrected the principal pathologic condition, and 
malignant changes have appeared in the uterus several years later. In this 





* Read before the 58th Annual Session of the Southern Surgical Association, Hot 
Springs, Va., December 12, 1946. 
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series the average time between the previous pelvic operation and subsequent 
hysterectomy was 4.8 years. 

The two complaints most commonly presented by the patients in this series 
were persistent and increasing pelvic pain and irregular, profuse, intermittent 
or prolonged vaginal bleeding. Other symptoms complained of less frequently 
include urinary and rectal discomfort, a sense of pressure in the pelvis and 
prolapse of the uterus and bladder, leucorrheal and watery vaginal discharge, 
dyspareunia and sexual disturbances, such as lack of libido and orgasm. These 
are the same symptoms for which the patient willingly submitted to a previous 
operation. 


TABLE | 


PREVIOUS PELVIC OPERATIONS DIRECTLY RESPONSIBLE FOR 
SUBSEQUENT HYSTERECTOMY 


Indication Cases Cases 
SIGS PROC AICI TE oe cee een eae aes wae 176 
uP ee peterte mre el ad axe hpahn aac Wi alia ete ee 42 
a i ch aicale lg Give. @ aie Sia etal a ei b%s waEws eae Bae as 134 
Operations resulting in Stricture of Cervix................. a 125 
tacts 5 ig ga “ares 6 ae ie ler vew wie aw cae Wie WW VO ; 61 
sow he. ran Wie ait oS aa wena eek ek eles “Ne 43 
irs ost 5 iure 8. arate Sasa ais Aw Sand acelaels Raraiw iain eyaerai« 21 
I a 5 oye bos sal Boutin Ware dere Hated a eevee ale b tha as 62 
ofa caee. en ate Ula aha KL ANGCS (oainseua Sk v <INTG hs we owe 37 
RE ae ate ca Va Ui Nal cy aha e wher b svete /aaw i ageetwob oe mesN ea 30 
NE Tn eae G ghia ts tar otk oa tain, GIR a sie res Ca esiein pin ela 8s 7 
PN IE EINES 5 ic. 5 scene avwiecauieis.osre ales wea elk wia'’ woos 36 
RR ee aaa haha cca cotta multe Gato teed re OA el 436 


The most frequently performed previous operation was salpingectomy, 
which was done in 176 of the 436 cases. Despite removal of both fallopian 
tubes in 134 of these, the patients returned usually with the complaints of pelvic 
pain and abnormal bleeding, and in some instances malignant changes in some 
part of the remaining pelvic organs. Would not a more radical procedure in 
the beginning have been preferable in these cases? It is my opinion that with 
the improvement in treatment of pelvic infections and the ever increasing 
knowledge of antibiotics salpingectomy per se will become obsolete. In the 
last ten years I have never removed both of the adnexa uteri without also 
removing the uterus. There appears to be no justification for ablation of the 
adnexa only to leave a useless organ such as the uterus which has already 
become somewhat affected by the previous pathologic process, merely to pre- 
serve menstruation, which almost always will become abnormal. 

Of the 436 cases complete stricture of the cervix was the direct result of 
the previous operation in 125 patients. Forty-three of these women had 
cauterizations of the cervix, 21 conizations and 61 amputations. The indica- 
tions for the subsequent hysterectomy in these cases were the same as for the 
previous operations; namely, increasing and irregular pelvic pain and pro- 
longed vaginal bleeding. It is my belief that less radical treatment and more 
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diligent postoperative care in these cases would have prevented the eventual 
necessity for excision of the uterus. In the chronically infected cervix it 
would seem that light office cauterization would not only eliminate the infection 
but would obviate the need for a future operation. When conization or cauteri- 
zation is done, constant observation to prevent future strictures is imperative. 
In the chronically infected, hypertrophied and eroded cervix no form of 
amputation will completely relieve the patient and at the same time insure 
against the possibility of future difficulties. The amputation is either too low 
to do any good or too high. The danger of stricture is obvious; cervical stric- 
ture as an etiologic factor in the subsequent development of pelvic endome- 
triosis or uterine malignancy is too well known to require further comment. 
There is also the possibility of the development of future menstrual disorders 
and pelvic pain. 

Since the uterus is a naturally freely movable organ, too enthusiastic 
abdominal shortening of the round ligaments or fixation of the uterus to the 
parietal wall with resulting adhesions only prepares the patient for future 
difficulties. In the series under discussion there were 62 cases in which a 
previous suspension operation either failed to relieve the patient of pain and 
bleeding or later led to such symptoms that hysterectomy eventually became 
desirable ; in 25 of these 62 cases abdominal suspension had failed to correct a 
prolapsed uterus. In two cases besides the previous suspension operation, 
intestinal obstruction necessitated a serious operation before the uterus could 
be removed. 

Thirty-seven of the 436 patients required hysterectomy after radium 
therapy for benign conditions had proved ineffective. In 30 of these the bleed- 
ing was not controlled by the application of radium and in an additional seven 
cases malignancy of the endometrium developed in the uterus several years 
following radium therapy. These statistics would indicate the necessity for 
better judgment in the selection of cases for radium therapy. 

The statistics obtained from this study are not offered to encourage the 
promiscuous performance of hysterectomies. However, if a woman presents 
symptoms requiring surgical intervention in the pelvis, it is the duty of the 
physician to select the method of treatment which will not only eliminate the 
patient’s complaints but will at the same time prevent the necessity for future 
operations and eliminate the risk of subsequent development of malignancies 
when possible. In many cases the only operation which fulfills these require- 
ments is hysterectomy. 


SUMMARY 


From a critical analysis of 1,048 consecutive cases of hysterectomy per- 
formed upon private patients over a period of 15 years it was found that 
previous pelvic operations were directly responsible for the subsequent neces- 
sity for removal of the uterus in 436 (41.6 per cent) cases. None of these 
patients subsequently became pregnant. The average interval between the 
previous pelvic operation and hysterectomy was 4.8 years. 

The most frequently performed previous pelvic procedure’ was salpingec- 
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tomy. Cauterizations, conizations and amputations resulted in complete stric- 
ture of the cervix in 125 patients. Suspension of the uterus, done in 62 cases, 
only prepared the patients for future difficulties. Hysterectomy had to be done 
in 37 cases of malignancy after radium therapy proved ineffective. 


Discussion.—Dr. JoHN C. Burcu, Nashville, Tenn.: Doctor Tyrone has brought 
to our attention a group of cases with which most of us are familiar. We usually refer 
to them as “do-overs.” If the first, or primary operaticn, had been conducted along 
physiologic lines there might have been no necessity for the second. 

In approaching a pelvic case, the -patient must be individualized and her functional 
needs ascertained. Then the surgeon can intelligently conserve, if possible, those functions 
which are useful to that particular patient. Our chief error is usually the conservation 
ot a useless function under the misguided label of conservatism. For example, a 40-year- 
old, para IV, has an ovarian cyst; we remove it and leave the uterus and opposite adnexa. 
This is conservative treatment. Leaving the uterus leaves the patient subject to all the 
menstrual difficulties resulting from primary and secondary ovarian failure. An appre 
ciable number of such patients will subsequently develop a menstrual disturbance severe 
enough to require hysterectomy. An even larger number will have milder symptoms. 

Some time ago when studying glandular cystic hyperplasia, we found it could be 
consistently produced in animals subjected to partial castration. Daily experience confirms 
the fact that partial castration in the human leads to hyperplasia. Hence, unless the 
reproductive function must be conserved, it is wise to consider the removal of the uterus 
also in those women subjected to partial castration. In my opinion, the remaining ovary 
wil] function at its normal level. The watchword of the pelvic surgeon might well be 
the conservation, not of function, but of useful function. 
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